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SECTION  1;  OPERATIONAL  INTRODUCTION  TO  NCAP 


1.1  Design  Philosophy 

RADC  NCAP  is  a  nonlinear  circuit  analysis  program, 
implemented  on  the  Honeywell  6180  computer  facility,  which 
employs  the  Volterra  analysis  technique  to  compute  the  nonlinear 
transfer  functions  of  electronic  circuits.  Prom  the  point  of 
view  of  the  user  the  NCAP  system  is  composed  of  three  elements: 
an  input  language,  by  which  the  user  describes  the  circuit  to  be 
analyzed,  a  computational  phase  which  solves  the  network  problem 
on  a  nodal  basis,  and  an  output  phase  which  prints  and/or  plots 
the  desired  results. 

A  primary  consideration  in  the  design  of  the  NCAP  software 
was  that  it  be  easy  to  learn  and  use.  An  in-depth  knowledge  of 
the  analytical  techniques  employed  is  not  essential  for  its 
efficient  use  nor  is  the  circuit  analyst  expected  to  understand 
the  complex  programming  routines  which  make  up  the  system.  The 
user  is  only  required  to  be  able  to  translate  his  circuit 
analysis  problem  into  the  appropriate  NCAP  input  language 
statements.  By  means  of  this  "language"  he  describes  the  circuit 
to  be  analyzed,  the  frequencies  and  order  of  analysis  and  the 
desired  output.  In  turn,  the  system  interprets  these  input 
statements,  performs  the  nonlinear  analysis  and  outputs  the 
results  in  printed  or  plotted  form. 


1.2  Circuit  Elements 


O 


NCAP  uses  a  set  of  standard  electronic  circuit  element 
models,  and  can  analyze  networks  made  up  of  interconnections  of 
these  elements.  The  Honeywell  6180  version  can  handle  circuits 
of  up  to  approximately  500  nodes. 


1.2.1  Linear  and  Nonlinear  Elements 


The  following  circuit  elements  have  been  included  in  the 
NCAP  system: 

-  Independent  Voltage  Source 

-  Linear  Dependent  Sources 

-  Nonlinear  Dependent  Sources 

-  Linear  Components 

-  Nonlinear  Components 

-  Vacuum  Diode 

-  Vacuum  Triode 

-  Vacuum  Pentode 

-  Semiconductor  Diode 

-  Dipolar  Junction  Transistor 

-  Field  Effect  Transistor 

These  circuit  elements  are  depicted  in  Table  1.  Device 
nodes  are  shown  as  xx,  where  xx  represents  a  user-assigned  node 
number.  For  internodal  devices,  both  the  node  numbers 
represented  by  xx  and  yy  are  assigned  by  the  user.  However,  the 
assignment  of  nodes  for  multi-node  devices  is  performed 
automatically  by  the  system,  according  to  specific  conventions 
built  into  the  device  model.  In  these  instances,  the  node  number 
xx  is  assigned  by  the  user  while  the  nodes  represented  by  xx  i  1, 
xx  +  2,  etc.  are  assigned  by  the  system. 

These  circuit  element  depictions  are  presented  here  for 
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LINEAR  MODELING  ELEMENTS 


nonlinear  dependent 


nonlinear  modeling  elements 


VACUUM  TUBE  SOLID  STATE 


introductory  purposes  only.  Detailed  descriptions  of  node 
numbering  conventions  and  parameters  necessary  for  the  complete 
definition  of  each  circuit  element  are  given  in  Section  3. 

1.2.2  Circuit  Excitation  and  Order  of  Analysis 

The  nonlinear  transfer  functions  computed  by  NCAP  are 
voltage  transfer  ratios  which  relate  an  output  response  voltage 
to  one  or  more  input  excitation  voltages.  Therefore,  in  order  to 
determine  a  nonlinear  transfer  function,  it  is  necessary  to 
define  the  parameters  of  the  input  signals  of  the  circuit  and  the 
frequencies  at  which  the  analysis  is  to  be  performed. 

In  NCAP  these  input  signals  are  considered  to  be  generated 
* 

by  independent  sinusoidal  voltage  sources.  Voltage  sources 

(generators)  can  be  connected  between  any  two  nodes  in  the 

\ 

circuit,  and  a  single  source  can  generate  an  arbitrary  number  of 
frequencies.  Frequency  control  and  the  method  of  embedding 
voltage  sources  in  NCAP  circuits  is  described  in  depth  in  Section 
3.3.1. 

At  this  point  it  is  important  to  understand  that  the  order 
of  analysis  which  the  program  will  carry  out  is  equal  to  the 
total  number  of  defined  frequencies  in  the  circuit  and  that 
nonlinear  transfer  functions  will  be  computed  for  all  of  the  2n-l 
possible  combinations  of  the  n  input  frequencies.  For  example, 
if  there  are  three  input  frequencies  in  the  circuit,  f^ ,  f ^ ,  and 
f  3  ,  then  a  third  order  analysis  will  be  performed  and  seven 
nonlinear  transfer  functions  will  result: 
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ORDER 

TRANSFER  FUNCTION 

FREQUENCY  COMBINATION 

1 

f 

1 

1 

Vf2> 

f 

2 

1 

f  3 

2 

H2(f  1#f  j| 

fl**2 

2 

H2*f  l#f  3* 

fl«3 

2 

H2(f  3) 

f2+,3 

3 

H3(fl,f2'f3) 

W*3 

1  •  3  Preliminary  Data  Preparation 

Since  the  NCAP  analysis  is  performed  on  a  nodal  basis,  the 
first  step  in  the  analysis  of  a  circuit  should  be  the  drawing  of 
its  complete  circuit  model.  This  diagram  should  include  all  of 
the  NCAP  elements  which  can  be  identified. 

Next  the  circuit  nodes  must  be  identified  and  numbered.  The 
signal  ground  is  automatically  defined  by  the  system  as  node  0, 
and  the  numbering  of  the  remaining  nodes  must  begin  with  1  and 
continue  sequentially  until  all  nodes  have  been  numbered.  There 
is  no  requirement  that  adjacent  nodes  be  assigned  sequential 
numbers,  but  no  numbers  in  the  sequence  may  be  omitted.  Such  an 
omission  will  cause  erroneous  results. 

As  mentioned  previously  the  assignment  of  nodes  for  NCAP 
elements  which  have  more  than  two  nodes  is  done  automatically  by 
the  system.  The  automatic  node  numbering  conventions  are 
discussed  in  detail  in  Section  3  and  are  depicted  in  Table  1. 

It  is  important  to  understand  that  automatic  node  numbering 


of  multi-node  devices  will  affect  the  identification  of  nodes  on 
the  circuit  diagram.  For  example,  the  vacuum  triode  is  a  three 
node  device.  Its  location  in  the  circuit  is  defined  by  the 
number  of  the  grid  node  which  is  assigned  by  the  user.  According 
to  the  convention  built  into  the  triode  model,  if  the  grid  node 
is  numbered  xx,  then  the  plate  and  cathode  nodes  automatically 
become  xx  +  1  and  xx  +  2  respectively.  Therefore,  as  the  analyst 
identifies  nodes  on  his  circuit  diagram,  if  he  assigns  number  2, 
for  instance,  to  the  grid  node  of  a  triode,  he  must  be  aware  that 
the  plate  automatically  becomes  node  3  and  the  cathode  node  4. 

Once  the  nodes  have  been  assigned  the  circuit  can  be 
"translated"  into  the  appropriate  NCAP  statements  and  prepared 
for  input  bo  the  computer. 

1.4  Optional  Features  of  NCAP 

A  number  of  optional  features  have  been  incorporated  in  the 
NCAP  system  to  increase  its  versatility  and  ease-of-use.  For 
example,  in  order  to  provide  the  user  with  a  method  of  analyzing 
circuits  over  a  range  of  frequency  or  linear  component  values,  an 
incremental  sweep  capability  has  been  included  in  the  NCAP 
proqram.  This  feature  enables  the  user  to  specify  numerous 
analyses  of  a  given  circuit  in  a  single  computer  run.  The  basic 
circuit  description,  together  with  all  sweep  definitions,  is 
input  only  once.  The  system  then  automatically  re-analyzes  the 
circuit  for  all  possible  frequency  and  component  values. 
In-depth  discussions  of  frequency  and  linear  element  sweep 
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capabilities  are  presented  in  Sections  3.3  and  3.4. 

A  modify  feature,  which  allows  the  user  to  alter  nonlinear 
device  parameters  and  re-analyze  a  circuit  in  a  single  computer 
run,  has  also  been  incorporated  in  NCAP.  Such  modification  may 
also  be  applied  to  frequency  and  component  values,  either  to 
change  the  parameters  of  a  previously  defined  sweep,  or  to  define 
additional  values  which  may  lie  outside  the  range  of  a  sweep. 
Modification  is  covered  in  Section  3.6. 

Because  a  typical  NCAP  computer  run  can  result  in  a  large 
volume  of  printed  output,  several  features  have  been  included  in 
the  system  to  allow  the  user  to  control  the  volume  of  printed 
output  as  well  as  to  specify  plots  of  frequency  vs.  transfer 
function  at  selected  nodes  and  orders.  Output  control  is 
described  in  detail  in  Section  3.7. 
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SECTION  2:  STRUCTURE  OF  THE  NCAP  INPUT  LANGUAGE 


The  user  communicates  with  the  system  by  means  of  the  NCAP 
input  language.  This  language  consists  of  a  set  of  statements 
which  allow  the  analyst  to  easily  define  the  circuit 
configuration,  its  frequencies  and  order  of  analysis,  and  to 
control  the  output  format.  The  input  specifications  (or  language 
statements)  are  punched  on  cards  or  an  equivalent  time-sharing 
terminal.  For  purposes  of  this  discussion  the  input  medium  is 
assumed  to  be  punched  cards. 

2 . 1  Control  Statements 


A  typical  NCAP  input  deck  consists  of  a  series  of  control 
statements  which  define  circuit  topology,  circuit  excitation, 
linear  and  nonlinear  elements,  solution  modification  and  output. 
Each  control  statement  is  contained  on  a  single  card  and  begins 
with  an  asterisk  (*)  which  identifies  it  to  the  system  as  a 
control  statement.  Following  the  asterisk  are  certain  keywords 
which  identify  the  function  of  the  statement.  These  *  control 
statements  are  commanu-or iented :  they  are  used  to  instruct  the 
system  to  perform  a  particular  function  or  to  initiate  the 
definition  of  a  circuit  element.  For  example,  to  begin  a  circuit 
description  the  analyst  uses  the  statement: 

*  START  CIRCUIT 

To  begin  the  definition  of  a  transistor  he  uses: 

*  TRANSISTOR 
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I 

To  specify  plotted  output  the  statement  is: 
*  PLOT 


2.2  Data  Statements 


Many  of  the  *  control  statements  require  additional  input, 
such  as  node  numbers  or  device  parameters,  to  complete  the 
definition  of  their  function.  This  additional  information  is 
supplied  by  data  statements  which  directly  follow  the  *  control 
statement  with  which  they  are  associated.  Data  statements  do  not 
begin  with  an  asterisk  since  this  character  is  reserved  for  the 
purpose  of  identifying  control  statements.  Some  data  statements 
contain  keywords,  such  as  NODE,  which  are  used  for 
identification.  Others  contain  only  data  values  and  are 
identified  by  their  position  within  the  input  deck. 

A  complete  description  of  each  *  control  statement  and  its 
associated  data  statements  is  given  in  Section  3. 

2.3  Input  Format 

In  general,  NCAP  input  data  is  expressed  in  free-form.  This 
eliminates  the  need  for  counting  card  columns  or  for  placing 
individual  data  values  in  specific  card  fields.  Free-form  was 
selected  because  it  is  both  easy  to  use  and  tends  to  minimize 
user  errors. 

There  are  two  general  rules  which  govern  the  use  of 
free-form  input: 

1.  The  blank  (or  space)  is  used  as  a  delimiter.  That  is, 
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successive  data  values  are  separated  on  a  card  by  one  or 
more  blanks.  This  rule  implies  that  no  blanks  may  bo 
embedded  within  a  data  value.  For  example,  if  the 
desired  input  value  is  3.1416,  those  six  characters  must 
occupy  contiquous  card  columns. 

2.  Since  the  blank  is  used  as  a  delimiter  it  cannot  be  used 
interchangeably  with  the  digit  zero.  All  zero  values 
mustbe  explicitly  punched  on  input  cards  as  zero. 

2. 4  Da ta_ Types 

There  are  three  types  of  data  values  used  in  the  NCAP 
lanquage  • 

1.  ^Iphdbetic  -  a  string  of  alphabetic  characters 

FXAMPLFS:  TRANSISTOR 
NODE 

2.  Integer  -  a  whole  number,  expressed  as  a  string  of 
decimal  diqits.  The  decimal  point  is  always  omitted  but 
is  assumed  to  be  to  the  right  of  the  least  significant 
digit.  Negative  values  are  preceeded  by  a  minus  sign, 
while  unsigned  values  are  assumed  to  be  positive. 
Integers  have  up  to  ten  diqits  of  accuracy. 

EXAMPLES-  175 
-3 

16777216 

3.  Decimal  “  d  floating  point  number  expressed  in  one  of 
two  ways • 

a)  A  strina  of  one  to  nine  signed  or  unsiqned  decimal 
digits  written  with  a  decimal  point. 
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EXAMPLES:  75. 

123.64 

-5.6 

b)  One  to  nine  decimal  digits  with  a  decimal  point 
followed  by  a  decimal  exponent.  The  exponent  is 
expressed  as  the  letter  E  followed  by  a  signed  or 
unsigned  integer.  The  exponent  may  be  explicitly 
zero  but  cannot  be  blank.  A  decimal  value  has  a 
precision  of  eight  digits.  Its  magnitude  must  lie 
between  10~38  and  1038. 

EXAMPLES: 

7.0E2  7.E02  .7E3 

(All  mean  7  x  102  or  700.0) 

-7.0E-3  -.7E-02  -7.0E-03 
(All  mean  -7  x  10~2or  -.007) 

2.5  Input  Error  Detection 

As  the  input  deck  is  read  and  processed  by  the  NCAP  program, 
each  of  the  user's  statements  is  rigorously  checked  for  possible 
errors.  As  a  part  of  the  program's  standard  output  format, 
images  of  all  input  cards  are  reproduced  on  the  computer's  line 
printer.  In  the  event  that  an  error  is  detected,  a  descriptive 
error  message  is  printed  after  the  card  image  on  which  the  error 
appears.  These  messages  are  self-explanatory  and  contain 
sufficient  information  for  the  user  to  make  appropriate  changes 
in  his  deck. 


After  the  entire  input  deck  has  been  read  and  processed,  if 
any  errors  have  been  detected,  execution  of  the  program  will  be 
terminated  and  the  output  will  consist  of  only  input  card  images 
and  pertinent  error  messages.  If  no  errors  are  found,  execution 
will  continue  into  the  computational  phases  of  the  program. 
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SECTION  3:  DETAILED  DESCRIPTION  OF  NCAP  STATEMENTS 


As  mentioned  previously ,  a  typical  NCAP  input  deck  consists 
of  a  series  of  *  control  statements  and  their  associated  data 
statements. 

The  NCAP  control  statements  tend  to  fall  into  seven 
categories  according  to  their  function  within  the  total  input 
stream.  Therefore,  for  purposes  of  organization,  this  section  is 
divided  into  seven  subsections  as  follows: 

3.1  Comment 

3.2  Circuit  Delineation 

3.3  Sources 

3.4  Linear  and  Nonlinear  Components 

3.5  Device  Models 

3.6  Solution  Modification 

3.7  Output  Control 

3.1  Comment 

The  comment  has  been  included  among  the  NCAP  *  control 
statements  to  aid  the  user  in  organizing  or  documenting  his  input 
deck.  Comments  provide  a  method  for  inserting  brief  remarks 
concerning  the  purpose  or  intent  of  statements  which  precede  or 
follow  them.  The  comment  card  diverges  somewhat  from  the 
standard  *  control  card  in  that  it  begins  with  two  *'s.  The  ** 
may  be  followed  by  any  desired  text  in  the  remaining  card 
columns,  but  the  entire  comment  must  be  contained  on  a  single 
card.  Long  or  multiple  comments  may  be  inserted  in  the  deck  by 
using  multiple  comment  cards.  An  example  of  a  comment  card  is: 

**  THIS  IS  A  COMMENT 


Comments  are  printed  on  the  computer  output  but  are  not  processed 
further  by  the  program.  A  comment  statement  may  be  placed 
anywhere  in  the  input  deck  and  any  number  of  comment  cards  may  be 
used. 


3.2  Circuit  Delineation 


The  delineation  statements  initiate  and  terminate  the 
description  of  the  circuit  to  be  analyzed.  These  statements  and 
an  explanation  of  their  use  follows. 

*  START  CIRCUIT 

This  statement  is  used  as  a  delimiter  which  ir:.ciates  the 
definition  of  the  circuit.  It  indicates  that  all  cards  between 
it  and  the  appearance  of  *  END  CIRCUIT  describe  the  circuit  to  be 
analyzed.  No  data  statements  are  required. 

*  END  CIRCUIT 

This  statement  is  used  as  a  delimiter  to  terminate  the  definition 

of  the  circuit.  No  data  statements  are  required.  Every  circuit 

* 

to  be  analyzed  by  NCAP  must  contain  one  and  only  one  *  START 
CIRCUIT  and  *  END  CIRCUIT  pair. 

'*  END 

This  statement  is  the  last  card  in  any  NCAP  input  deck.  It 
indicates  the  end  of  all  data  and  initiates  the  computational 
phase  of  the  program.  Every  NCAP  input  deck  must  contain  one  and 
only  one  *  END  statement. 

O 
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3.3  Sources 


3.3.1  Independent  Voltage  Source 

In  order  to  determine  a  nonlinear  transfer  function,  it  is 
necessary  to  define  the  parameters  of  the  input  signals  and  the 
frequencies  at  which  the  analysis  is  to  be  performed.  In  NCAP 
these  input  signals  are  considered  to  be  independent  sinusoidal 
voltage  sources.  The  complete  definition  of  such  a  Thevenin 
voltage  generator  includes  the  nodes  between  which  it  is 
connected,  its  frequencies,  peak  amplitudes,  and  impedances.  The 
definition  of  a  generator  is  initiated  by  the  following  control 
statements: 

*  GENERATOR 

This  statement  indicates  that  all  cards  between  it  and  the  next  * 
control  statement  describe  a  Thevenin  voltage  generator.  The 
required  data  statements  are: 

NODE  xx  yy 

The  NODE  statement  contains  the  word  NODE  followed  by  the  integer 
node  numbers  xx  and  yy,  which  represent  the  nodes  between  which 
the  generator  is  connected.  There  is  no  reauirement  that  the  two 
nodes  be  numbered  sequentially.  The  generator  may  be  grounded  by 
defining  yy  to  be  zero. 

The  definition  of  a  generator  includes  the  specification  of 
its  frequencies.  These  are  provided  on  FR  data  cards.  There 
must  be  one  FR  data  card  for  each  frequency  which  a  generator 
produces.  Also  there  must  be  as  many  FR  data  cards  as  there  are 
total  defined  frequencies.  The  user  assigns  each  frequency  a 
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number  which  the  program  uses  in  keeping  track  of  freauency 
combinations  during  processing.  If  there  are  n  frequencies,  then 
there  must  be  n-FR  cards,  each  with  a  different  frequency  number. 
A  present  program  restriction  limits  the  total  number  of 
frequencies  defined  in  a  circuit  to  six.  The  FR  card  has  the 
following  general  form: 

FR  Number  Value 

The  characters  FR  identify  the  statement  as  a  frequency 
definition.  "Number"  represents  the  user-assigned  frequency 
number,  an  integer.  "Value"  is  the  decimal  frequency  value  in 
Hertz. 

EXAMPLE:  FR  2  3.0E6 

This  statement  defines  a  freauency  number  2  of  3  MHz. 

Associated  with  each  frequency  is  the  peak  amplitude  of  its 
in-phase  and  quadrature  voltages.  These  are  provided  on  AMP  data 
cards  of  the  following  general  form: 

AMP  Real  Imag 

The  characters  AMP  identify  the  statement  as  an  amplitude 
definition.  "Real"  and  "Imag"  represent  the  (signed)  decimal 
values  of  the  peak  amplitudes  of  the  in-phase  and  auadrature 
voltages  respectively. 

EXAMPLE:  FR  2  3.0E6 

AMP  5.0  0.0 

This  sequence  defines  frequency  number  2  generating  3  MHz  with  a 
5  volt  in-phase  amplitude  and  no  quadrature  component. 

The  amplitude  card  must  immediately  follow  the  frequency 

card  with  which  it  is  associated.  As  a  default,  if  an  AMP  card 
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is  omitted,  a  one-volt  in-phase  generator  with  no  quadrature 
component  will  be  assumed  for  the  preceeding  frequency. 

The  final  specification  of  a  generator  is  its  Thevenin 
impedances.  These  are  provided  on  IMP  cards  which  follow  all  the 
PR  and  AMP  cards  of  a  given  generator.  There  must  be  one  IMP 
card  for  each  frequency  combination  at  which  the  circuit  is  to  be 
analyzed.  For  n  defined  generator  frequencies,  there  will  be 
2n-l  frequency  combinations,  and  therefore,  2n-l  impedances.  The 
general  form  of  the  IMP  card  is  as  follows: 

IMP  Real  Imag  Combination 
The  characters  IMP  identify  the  statement  as  an  impedance 
definition.  "Real"  and  "Imag"  represent  the  real  and  imaginary 
components  of  the  generator  impedance  in  decimal  form. 
"Combination"  represents  an  integer  value  which  denotes  the 
frequency  combination  at  which  the  impedance  is  applicable.  This 
value  is  determined  as  follows:  If  the  frequency  value  under 
consideration  is  f^+f^f^,  t^ien  frequency  combination  is  123. 

EXAMPLES:  IMP  80.  40.  1 

IMP  80.  40.  2 

IMP  70.  0.  3 

IMP  100.  100.  12 

IMP  75.  10.  13 

IMP  75.  10.  23 

IMP  70.  87.5  123 

This  sequence  defines  the  impedances  for  all  possible  frequency 
combinations  of  a  three-tone  generator,  where  the  frequencies  are 
PR  1,  PR  2,  and  FR  3. 

As  a  default,  if  the  generator  impedance  is  constant  for  all 
frequency  combinations,  then  only  one  IMP  card  need  be  used,  and 
the  combination  parameter  is  left  blank.  This  option  is  used 
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In  this 


when  a  standard  signal  generator  is  the  source, 
instance#  the  impedance  is  the  generator's  impedance#  typically 
50  ohms#  and  the  single  IMP  card  would  be: 

IMP  50.  0. 

As  a  default  for  an  "ideal"  source#  the  value  of  the  constant 
impedance  should  be  as  close  to  one  as  possible. 

In  summary#  the  complete  definition  of  an  independent 
voltage  source  requires:  a  *  GENERATOR  card  and  a  NODE  data 
card;  n-pairs  of  PR/AMP  cards#  one  pair  for  each  defined 
frequency;  and  2n-l  IMP  cards#  one  for  each  possible  frequency 
combination.  An  example  of  a  three-tone  generator  definition 
follows: 

*  GENERATOR 


NODE 

5 

7 

FR 

1 

500. E3 

AMP 

1.0 

0.0 

FR 

2 

500. E3 

AMP 

.707 

.707 

FR 

3 

-250. E3 

AMP 

.636 

.772 

IMP 

80. 

40. 

1 

IMP 

80. 

40. 

2 

IMP 

70. 

0. 

3 

IMP 

100. 

100. 

12 

IMP 

75. 

10. 

13 

IMP 

75. 

10. 

23 

IMP 

70. 

87.5 

123 

It  is  important  to  remember  that  the  order  of  analysis  which 
the  program  will  carry  out  is  equal  to  the  total  number  of 
defined  frequencies  in  the  circuit  (sec  Section  1.2.2).  In  the 
case  where  several  generators  are  used#  each  with  its  own 
distinct  frequencies#  then  the  order  of  analysis  will  be  the 
total  number  of  all  such  frequencies  for  all  generators. 

In  general#  2n-l  nonlinear  transfer  functions 
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will  be 


computed  for  a  circuit  with  n  defined  frequencies.  Therefore,  if 
n'th  harmonic  analysis  is  desired,  there  must  be  n  defined 
frequencies  in  the  circuit.  Each  PR  data  card  will  contain  the 
fundamental  frequency  value,  with  each  one  being  assigned  a 
different  frequency  number .  For  example,  a  second  harmonic 
analysis  of  a  frequency  of  1  MHz  would  require  the  following  FR 
cards: 

FR  1  1.0E6 
FR  2  1.0E6 

A  third-order  intermodulation  of  two  tones  at  1  MHz  and  1.5 

MHz,  where  the  product  of  interest  is  would  require  the 

following: 

FR  1  1.0E6 
FR  2  1.0E6 
FR  3  -1.5E6 

By  using  an  expanded  version  of  the  FR  data  statement  the 
analyst  may  specify  a  frequency  sweep.  This  feature  allows  the 
user  to  define  multiple  analyses  of  a  given  circuit  over  a  ranqe 
of  generator  frequency  values  in  a  single  computer  run.  The 
general  form  of  the  swept  FR  statement  is: 

FR  Number  Start  Stop  Steps  Type 
The  characters  FR  identify  the  statement  as  a  frequency 
definition.  "Number"  is  the  user-assigned  frequency  number 
described  previously,  "Start"  and  "Stop"  represent  the  initial 
and  terminal  values  of  the  frequency  sweep  in  decimal  form. 
"Steps"  represents  an  integer  value  defining  the  number  of  times 
the  frequency  value  is  to  be  incremented  (hence  it  defines  the 
number  of  analyses  to  be  performed).  "Type"  is  an  alphabetic 
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datum,  either  LIN  or  LOG,  which  indicates  whether  the  increment 
is  to  be  linear  (additive)  or  logarithmic  (multiplicative). 

EXAMPLE:  PR  3  1.0E6  5.0E6  5  LIN 

This  statement  defines  a  sweep  of  frequency  number  3  to  begin  at 
1  MHz  and  proceed  linearly  through  five  analyses  until  the 
frequency  value  reaches  5  MHz. 

It  should  be  noted  that  the  "Step"  parameter  defines  the 
number  of  times  the  circuit  is  to  be  analyzed  rather  than  the 
value  of  the  increment.  For  linear  sweeps  the  increment  is 
automatically  calculated  by  the  program  according  to  the 
expression: 

Increment  * 


Stop  -  Start 


Steps  -  1 

For  logarithmic  sweeps  the  increment  is: 


Increment 


Stop 


Steps-1 


Start 

In  determining  the  appropriate  value  for  the  "Step" 
parameter,  the  analyst  should  be  aware  that  the  Start  and  Stop 
values  each  count  as  a  step.  For  example,  if  two  analyses  are 
desired,  first  at  1  MHz  and  then  at  3.5  MHz,  the  FR  sweep 
specification  would  be: 

FR  3  1.0E6  3.5E6  2  LIN 

It  is  possible  to  define  several  simultaneous  frequency 
sweeps.  For  example,  the  sequence: 


o 


(  ) 


FR 

FR 


1 

2 


1.0E6 
-.  5E6 


5.0E6 

•4.5E6 


5 

5 


LIN 

LIN 
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defines  a  simultaneous  5-step  sweep  in  which  the  second-order 
frequency  value  (f  1 +f  2)  is  the  constant  .5  MHz.  Multiple 
frequency  sweep  specifications  always  result  in  simultaneous 
increments  of  the  frequency  values  involved.  That  is,  at  the 
beginning  of  each  analysis,  all  frequencies  for  which  sweeps  have 
been  defined  will  be  incremented  simultaneously.  Using  the 
previous  example  as  an  illustration,  the  resulting  frequency 
values  used  at  each  iteration  (or  analysis)  are  tabulated  below: 


ITERATION 

FR  1 

FR  2 

1 

HM 

-'.5eT 

2 

2.0E6 

-1.5E6 

3 

3.0E6 

-2.5E6 

4 

4.0E6 

-3.5E6 

5 

5.0E6 

-4.5E6 

When  simultaneous  frequency  sweeps  are  used,  each  having  a 
different  "Step"  parameter,  then  the  largest  defined  "Step" 
parameter  will  determine  the  number  of  analyses  to  be  performed. 
As  the  analyses  proceed,  each  frequency  value  will  be  incremented 
until  its  "Stop"  value  has  been  reached.  Once  the  Stop  value  has 
been  reached,  that  frequency  will  remain  constant  until  all 
defined  sweeps  have  been  satisfied.  For  example: 


FR 

1 

1.0E6 

6.0E6 

6 

LIN 

FR 

2 

-.5E6 

-3.5E6 

4 

LIN 

FR 

3 

10.  E6 
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The  first  tone  will  assume  six  values  from  1  MHz  to  6  MHz ;  the 
second  will  assume  fout  values  from  -.5  MHz  to  -3.5  MHz  (notice 
that  this  sweep  runs  backwards);  and  the  third  tone,  for  which  no 
sweep  has  been  defined,  will  remain  constant  through  all  analyses 
at  10  MHz.  The  resulting  freauency  values  for  each  iteration 
will  be  as  follows: 


ITERATION 

FR  1 

FR  2 

FR  3 

r 

T7TO> 

-:5T6' 

10.  E* 

2 

2 . 0E6 

-1.5E6 

10.  E6 

3 

3.0E6 

-2.5E6 

10.  E6 

4 

4.0E6 

-3.5E6 

10.  E6 

5 

5.0E6 

-3.5E6 

10.  E6 

6 

6.0E6 

-3.5E6 

10.  E6 

The  user  should  be  cautious  not  to  confuse  the  multiple 
analyses  resulting  from  freauency  sweeping  with  the  order  of 
analysis  of  a  circuit.  For  each  iteration  of  a  frequency  sweep, 
the  nonlinear  transfer  functions  are  computed  for  all  possible 
freauency  combinations.  In  the  case  of  the  three-tone  generator 
in  the  preceeding  example,  six  complete  circuit  analyses  are 

3 

performed,  each  at  2  -1  ■  7  possible  frequency  combinations.  The 
output  of  such  a  computer  run  would  contain  42  nonlinear  transfer 
functions. 

In  general,  by  the  appropriate  use  of  frequency  sweeping  and 
constant  frequency  values,  the  analyst  is  able  to  create  a  wide 
variety  of  circuit  excitations.  Due  to  present  program 
limitations,  only  one  generator  in  a  circuit  may  use  swept 
frequencies.  This  restriction  is  discussed  again  in  Section 
3.6.2  which  deals  with  the  technique  of  frequency  modification 
and  suggests  a  possible  method  for  circumventing  this  limitation. 

One  final  point  must  be  made  concerning  frequency  sweeping. 


It  will  be  shown  in  Sections  3.4  and  3.6  that  linear  component 
sweeping  and  element  modification  result  in  numerous  circuit 
analyses  similar  to  those  arising  from  frequency  sweeps.  In  the 
case  where  frequency  sweeping  is  used  together  with  linear 
component  sweeping  and/or  element  modification,  the  frequency 
sweep  is  non-destructive.  That  is,  the  circuit  is  first  analyzed 
over  the  entire  range  of  defined  frequency  sweeps;  if  additional 
analyses  are  required  due  to  linear  component  sweeps  or  element 
modification,  all  frequency  sweeps  are  re-initialized  at  their 
starting  values  and  executed  again  each  time  a  circuit 
modification  is  encountered.  In  this  way,  circuits  are  analyzed 
for  all  desired  element  values  over  the  complete  frequency  range. 

3.3.2  Linear  Dependent  Sources 

NCAP  recognizes  four  types  of  linear  dependent  sources: 

1)  Voltage  dependent  Current  source  (VC) 

2)  Voltage  dependent  Voltage  source  (VV) 

3)  Current  dependent  Current  source  (CC) 

4)  Current  dependent  Voltage  source  (CV) 

In  NCAP  language  the  definition  of  any  linear  dependent  source' 
begins  with  an  *  control  statement  followed  by  an  expanded  NODE 
card: 

*  LINEAR  DEPENDENT  SOURCE 
NODE  xx  yy  a  b 

The  *  LINEAR  DEPENDENT  SOURCE  statement  indicates  that  all  cards 
between  it  and  the  next  *  control  card  describe  a  linear 
dependent  source.  The  NODE  card  differs  from  the  standar.d  node 
definition  since  two  pairs  of  nodes  must  be  specified  in  order  to 
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define  both  the  nodes  of  dependence  as  well  as  the  nodes  of 
connection  of  the  source.  The  integer  values  xx  and  yy  define 
the  nodes  upon  which  the  source  is  dependent.  The  integer  values 
a  and  b  define  the  nodes  between  which  the  source  is  connected. 

The  definition  of  a  linear  dependent  source  includes  the 
identification  of  the  type  of  dependence  and  type  of  source  as 
well  as  the  real  and  imaginary  parts  of  the  complex  scale  factor 
by  which  the  magnitude  and  phase  angle  of  the  source  is  to  be 
altered.  These  data  are  input  on  a  free  form  parameter  card  of 
the  following  general  form: 


VC 

VV 

CC 

CV 


Real 


Imag 


The  alphabetic  characters  identify  the  type  of  dependence  and 
source  (V  for  voltage,  C  for  current),  where  the  first  character 
represents  the  type  of  dependence  and  the  second  character 
represents  the  type  of  source.  "Real"  and  "Imag"  are  the  real 
and  imaginary  parts  of  the  complex  scale  factor  expressed  in 
decimal  format.  At  least  one  of  these  values  must  be  nonzero. 

Because  of  the  inherent  properties  of  complex  numbers,  care 
must  be  taken  in  selecting  the  proper  values  for  the  scale 
factor.  For  example,  suppose  a  voltage  dependent  voltage  source 
is  to  be  connected  between  nodes  3  and  4,  with  dependence  upon 
nodes  6  and  9.  Furthermore,  the  voltage  at  (3,4)  is  to  be  3 
times  the  voltage  at  (6,9),  while  the  phase  angle  at  (3,4)  is  to 
be  the  same  as  that  at  (6,9).  The  following  NCAP  statements 
would  be  used: 
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*  LINEAR  DEPENDENT  SOURCE 

NODE  6  9  3  4 

VV  3.0  0.0 

If  the  scale  factor  were  defined  with  Real  »  3.  and  Imag  -  3., 
the  resulting  voltage  at  (3,4)  would  be  approximately  4.2  times 
that  at  (6,9),  and  the  phase  angle  would  be  the  phase  angle  at 
(6,9)  plus  the  phase  angle  of  the  scale  factor  (in  this  case  +45 
degrees) . 

When  current  dependent  sources  (CC  or  CV)  are  being 

specified,  a  parallel  resistor,  capacitor,  inductor  combination 

through  which  the  dependent  current  flows  must  be  defined.  These 

component  values  are  input  on  R,  C,  and/or  L  parameter  cards 

which  follow  the  CC  or  CV  card: 

R  Value 

C  Value 

L  Value 

The  R,  C,  and  L  denote  a  resistor,  capacitor,  or  inductor 
respectively.  The  "Value"  parameter  is  a  decimal  number 
expressed  in  Ohms,  Farads,  or  Henries.  The  current  dependent 
linear  source  models  require  that  at  least  one  of  these 
components  must  be  nonzero.  If  the  current  does  not  flow  through 
all  three  of  the  components  then  the  unused  components  may  be 
eliminated  from  the  input  deck. 

A  summary  of  the  complete  definition  of  the  four  tvoes  of 
linear  dependent  sources  follows: 


) 
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1)  Voltage  dependent  Current  source 
*  LINEAR  DEPENDENT  SOURCE 
NODE  xx  yy  a  b 
VC  Real  Imag 


2)  Voltage  dependent  Voltage  source 
*  LINEAR  DEPENDENT  SOURCE 
NODE  xx  yy  a  b 
VV  Real  Imag 


3)  Current  dependent  Current  source 
*  LINEAR  DEPENDENT  SOURCE 
NODE  xx  yy  a  b 
CC  Real  Imag 

R  Value 

C  Value 

L  Value 


Current  dependent  Voltage  source 

*  LINEAR  DEPENDENT  SOURCE 

NODE 

XX 

yy  a  b 

CV 

Real 

Imag 

R 

Value 

C 

Value 

L 

Value 

3.3.3  Nonlinear  Dependent  Sources 


NCAP  recognizes  four  types  of  nonlinear  dependent  sources: 

1)  Voltage  dependent  Current  source  (VC) 

2)  Voltage  dependent  Voltage  source  (VV) 

3)  Current  dependent  Current  source  (CC) 

4)  Current  dependent  Voltage  source  (CV) 

In  NCAP  language  the  definition  of  a  nonlinear  dependent  source 
begins  with  an  *  control  statement  followed  by  an  expanded  NODE 
card: 


*  NONLINEAR  DEPENDENT  SOURCE 
NODE  xx  yy  a  b 

The  ‘NONLINEAR  DEPENDENT  SOURCE  statement  indicates  that  all 
cards  between  it  and  the  next  *  control  card  describe  a  nonlinear 
dependent  source.  The  NODE  card  differs  from  the  standard  node 
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definition  since  two  pairs  of  nodes  must  be  specified  in  order  to 
define  both  the  nodes  of  dependence  as  well  as  the  nodes  of 


u 


connection  of  the  source.  The  integer  values  xx  and  yy  define 
the  nodes  upon  which  the  source  is  dependent  while  the  integer 
values  a  and  b  define  the  nodes  between  which  the  source  is 
connected. 

The  definition  of  a  nonlinear  dependent  source  must  include 
the  identification  of  the  type  of  dependence  and  the  type  of 
source  as  well  as  the  power  series  coefficients  which  describe 
the  nonlinearity.  These  data  are  input  on  a  free-form  parameter 
card  of  the  following  general  form: 

Coef.  Coef-  .  Coef, 

1  2  10 

The  alphabetic  characters  identify  the  type  of  dependence  and 
source  (V  for  voltage,  C  for  current)  ,  where  the  first  character 
represents  the  type  of  dependence  and  the  second  character 
represents  the  type  of  source.  The  remaining  parameters  are  the 
power  series  coefficients  of  the  nonlinearity  expressed  in 
decimal  form.  Prom  one  to  ten  coefficients  may  be  input,  and 
they  can  be  continued  on  additional  cards  from  which  the 
alphabetic  designator  is  eliminated.  Zero  coefficient  values 
must  be  explicitly  defined. 

When  nonlinear  current  dependent  sources  (CC  or  CV)  are 
being  specified,  a  parallel  resistor,  capacitor,  inductor 
combination  through  which  the  current  flows  must  be  defined. 
These  component  values  are  input  on  R,  C,  and/or  L  parameter 


VC 

VV 

CC 

CV 
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cards  which  follow  the  CC  or  CV  card: 

P  Value 

C  Value 

L  Value 

The  R,  C,  and  L  denote  a  resistor,  capacitor ,  or  inductor 
respectively.  The  "Value1*  parameter  is  a  decimal  number 
expressed  in  Ohms,  Farads,  or  Henries.  The  current  dependent 
nonlinear  source  models  require  that  at  least  one  of  these 
components  must  be  nonzero.  If  the  current  does  not  flow  through 
all  three  of  the  components,  then  the  unused  components  may  be 
eliminated  from  the  input  deck. 

Some  examples  of  nonlinear  dependent  sources  follow* 

*  NONLINEAR  DFPFNDENT  SOURCE 

NODE  6  9  3  4 

VV  . 63F-3  . 55F-3  .47F-3  .31F-3 

.  25F-3 

This  seauence  defines  a  nonlinear  voltage  dependent  voltage 
source  located  at  nodes  (3,4)  and  dependent  on  nodes  (6,9).  Its 
power  series  is  to  be  carried  out  to  fifth  order.  Note  that  the 
fifth  coefficient  is  placed  on  a  continuation  card  from  which  the 
alphabetic  designation  VV  has  been  omitted. 

*  NONLINEAR  DFPFNDENT  SOURCE 
NODE  4653 

CV  5.3F-3  0.0  3.6F-3  2.9E-3 

R  1.7F3 

L  .01 

This  seauence  defines  a  current  dependent  voltage  source  located 
at  nodes  (5,3)  and  dependent  on  nodes  (4,6).  Its  power  series  is 
to  be  carried  out  to  fourth  order,  but  the  second  order 
coefficient  is  zero.  The  dependent  current  flows  through  a 
parallel  resistor/inductor  combination.  This  source  does  not 
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involve  a  parallel  capacitor 


3.4 


Components 

3.4.1  Linear  Components 


NCAP  recognizes  three  linear  components:  the  resistor, 
capacitor,  and  inductor.  Linear  components  are  defined  by  the 
control  statement: 


I 


*  LINEAR  COMPONENTS 


This  statement  is  followed  by  a  series  of  data  statements  which 
define  the  connection  of  specific  resistors,  capacitors,  and/or 
inductors  between  pairs  of  circuit  nodes.  These  data  cards  have 
the  following  general  form: 


R 

C 

L 


xx  yy  Value 


The  R,  C,  or  L  denote  a  resistor,  capacitor,  or  inductor,  xx  and 
yy  represent  the  integer  node  numbers  between  which  the  linear 
component  is  connected.  The  "value"  parameter  is  a  decimal 
number  expressed  in  Ohms,  Farads,  or  Henries. 


EXAMPLE: 

*  LINEAR  COMPONENTS 
C  1  2  6.6E-9 

R  2  3  20.2E3 

L  2  0  3.E-9 

R  3  0  .01 

The  parameters  on  the  R,  C,  and  L  data  cards  are  expressed 
in  free-form.  The  node  yy  may  be  the  reference  or  ground  node  by 
explicitly  numbering  it  zero.  The  node  xx  cannot  be  zero. 
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A  single  ^LINEAR  COMPO  ENTS  card  sequence  may  be  used  to 
define  as  many  as  50  linear  components.  Any  number  of  such  card 
sequences  may  be  used  in  a  circuit  description.  Their  placement 
within  the  input  deck  is  arbitrary. 

By  using  an  expanded  version  of  the  R,  C ,  and  L  data  cards, 
a  linear  component  sweep(s)  may  be  defined.  This  feature  allows 
the  analyst  to  specify  multiple  analyses  of  a  circuit  over  a 
range  of  component  values  in  a  single  computer  run.  The  general 
form  of  the  swept  linear  component  data  card  is: 


P 

C 

L 


xx  yy  Start  Stop  Steps  Type 


The  R,  C  or  L  and  the  node  parameters  (xx  and  yy)  are  identical 
to  those  of  the  standard  linear  component  definition.  The 
"Start",  "Stop",  "Step",  and  "Type"  parameters  are  the  same  as 
those  used  in  frequency  sweep  specifications  (see  Section  3.3.1). 
An  example  of  a  resistor  sweep  follows: 


P  2  3  45.  55.  11  LIN 


In  this  case,  the  circuit  will  be  analyzed  11  times,  with  the 
resistor  connected  between  nodes  2  and  3  varying  linearly  from  45 
Ohms  to  55  Ohms. 

Several  linear  components  may  be  swept  simultaneously,  with 
the  largest  "step"  parameter  determining  the  total  number  of 
circuit  analyses  to  be  performed.  For  example, 

*  LINEAR  COMPONENTS 


R 

2 

3 

45. 

50. 

6 

LIN 

C 

1 

2 

6.6E-9 

L 

2 

0 

3.E-9 

5.E-9 

3 

LIN 

A  total  of  six  circuit  analyses  would  result  with  the  following 
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element  valued 


ITERATION  R(2,3)  C(l,2) 

— i —  -nf*1,  rtifo 


2 

46. 

6.6E-9 

4.E-9 

3 

47. 

6.6E-9 

5.E-9 

4 

48. 

6.6E-9 

5.E-9 

5 

49. 

6.6E-9 

5.E-9 

6 

50. 

6.6E-9 

5.E-9 

Since  the  resistor  sweep  has  the  largest  "step"  parameter,  it 
determines  the  total  number  of  circuit  analyses.  The  capacitor, 
for  which  no  sweep  is  defined,  remains  constant  throughout  all 
analyses  at  6.6E-9.  The  inductor  teaches  its  "stop"  value  at 
iteration  3  and  remains  constant  at  5.E-9  for  the  remaining 
analyses. 

Linear  component  sweeping  is  destructive.  Once  such  a  sweep 
has  been  satisfied,  the  value  of  the  swept  component  will  remain 
constant  at  its  "stop"  value  for  any  subsequent  circuit  analyses. 
Section  3.6.1,  which  deals  with  linear  component  modification, 
presents  a  method  for  re-initiating  component  sweeps. 

In  some  instances  it  may  be  desirable  to  vary  both  linear 
component  and  frequency  values,  resulting  in  several  levels  of 
sweeping.  When  this  occurs,  the  total  number  of  circuit  analyses 
performed  will  be  the  product  of  the  maximum  frequency  "steps" 
and  maximum  component  "steps".  Analyses  will  be  performed  across 
the  range  of  the  largest  frequency  sweep,  using  the  "start" 
values  for  swept  linear  components.  After  the  entire  frequency 
sweep  has  been  satisfied,  component  values  will  be  incremented, 
frequency  sweeps  re-initialized,  and  the  analyses  performed  again 
across  the  range  of  frequencies.  This  procedure  of  component 
increment/frequency  initialization  will  continue  until  all 


component  sweeps  have  been  completed 


For  example,  consider  the  following  circuit  definition: 

*  START  CIRCUIT 

*  GENERATOR 

NODE  1  0 

FR  1  1.0E6  5.0E6  5  LIN 

FR  2  3.0E6 

IMP  50.  0. 

*  LINEAR  COMPONENTS 

C  1  2  6.6E-9 

R  2  3  20.2E-3 

R  3  0  10.  20.  2  LIN 

•  •  • 

.  .  .  (Additional  circuit  elements) 

•  •  • 

*  END  CIRCUIT 

*  END 

The  resulting  iterations  and  values  would  be: 


ITERATION 
- 1 - 

FR  1 

ra 

BLLSL 

10. 

2 

2.E6 

10. 

3 

3.E6 

10. 

4 

4.E6 

10. 

5 

5.E6 

10. 

6 

1.E6 

20. 

7 

2.E6 

20. 

8 

3.E6 

20. 

9 

4.E6 

20. 

10 

5.E6 

20. 

Note  that  the  total  number  of  circuit  analyses  (iterations) 

performed  is  equal  to  the  product  of  maximum  frequency  steps 

times  maximum  component  steps  (5  x  2  ■  10).  The  values  of 

frequency  number  2  as  well  as  C(l,2)  and  R(2,3),  for  which  no 

sweeps  have  been  defined,  remain  constant  throughout  all 

analyses.  In  iterations  1  through  5  the  freauency  sweep  is 

performed  with  the  value  of  R(3,0)  constant  at  its  initial  sweep 

value.  At  iteration  6,  the  frequency  sweep  has  been  satisfied. 

At  this  point  R(3,0)  is  incremented,  and  the  frequency  sweep  is 

initialized  at  its  starting  value  of  1.E6.  Iterations  6  through 
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10  reanalyze  the  circuit  over  the  range  of  the  frequency  sweep 
for  the  new  resistor  value.  At  iteration  10,  the  resistor  sweep 
has  been  satisfied  and  the  analyses  terminate. 


3.4.2  Nonlinear  Components 

NCAP  recognizes  three  nonlinear  components-  the  resistor, 
capacitor,  and  inductor.  Nonlinear  components  are  defined  by  use 
of  the  control  statement- 

*  NONLINEAR  COMPONENTS 

followed  by  a  scries  of  data  cards  which  define  the  connection  of 
specific  nonlinear  resistors,  capacitors,  and/or  inductors 
between  pairs  of  circuit  nodes.  These  data  cards  have  the 
following  general  form- 

xx  yy  Coef  ^  Coef  2  •••  Coef  10 

The  R,  C,  or  I.  denote  a  resistor,  capacitor,  or  inductor 
respectively,  xx  and  yy  represent  the  integer  node  numbers 
between  which  the  nonlinear  component  is  connected.  The 
remaining  parameters  are  the  decimal  coefficients  which  describe 
the  nonlinearity  (See  Volume  I,  Section  II,  Equations  2.3-1, 
2.3-2,  2.3-3  for  R,  C,  L  respectively).  Prom  one  to  ten 
coefficients  may  be  input  and  they  may  be  continued  on  additional 
cards  from  which  the  R,  C,  or  L  designation  is  omitted.  Zero 
coefficient  values  must  be  explicitly  defined. 

O 


R 

C 

L 
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EXAMPLE- 

*  NONLINEAR  COMPONENTS 

R  1  2  1.7E3  2.0E3  2.4E3  2.9E3 

C  4  0  1.2E-6  1.4E-6  1.7E-6  2.1E-6 

L  5  6  .21  .24  .29  .37 

The  parameters  on  the  R,  C.  and  L  data  cards  are  expressed  in 

free-form.  The  node  yy  may  be  the  reference  or  ground  node  by 

numbering  it  zero.  The  node  xx  cannot  be  zero. 

A  single  *  NONLINEAR  COMPONENTS  card  seouence  may  be  used  to 
define  as  many  as  10  nonlinear  components.  Any  number  of  such 
card  seauences  may  be  used  in  an  NCAP  circuit  definition.  Their 
placement  within  the  input  deck  is  arbitrary. 

3.5  Models 

Mathematical  models  for  six  devices  have  been  incorporated 
in  the  NCAP  program  and  are  automatically  called  for  by  the 
appropriate  *  control  card. 

The  input  card  seouences  which  are  reouired  to  define  device 
models  are  similar  to  each  other.  They  consist  of  an  *  control 
statement,  which  identifies  the  desired  element-  a  NODE  card, 
which  provides  node  numbering  information-  and  one  or  more 
parameter  cards,  which  provide  the  various  values  reouired  to 
complete  the  definition  of  the  device. 

Specific  data  reouirements  for  each  device  are  presented  in 
detail  in  the  subsections  which  follow.  The  number  of  parameters 
needed  varies  with  each  device,  but  in  general  they  are  decimal 
values  expressed  in  free-form.  Successive  parameters,  separated 
by  one  or  more  blanks,  may  be  input  on  as  many  cards  as  the  user 
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i,u 


feels  are  necessary.  They  must,  however,  be  input  in  the  order 
in  which  they  are  listed  in  the  following  subsections.  It  is 
important  to  remember  that  parameters  whose  values  are  zero  must 
be  explicitly  input  as  zero. 

Any  number  of  device  card  seouences  may  be  contained  in  .? 
given  circuit  definition,  and  they  may  appear  anywhere  in  the 
input  deck. 


3.5.1  Vacuum  Diode 

The  vacuum  diode  model  uses  the  generalized  3/2  power  law. 
It  is  represented  as  a  two-node  device  whose  location  in  the 
circuit  is  defined  by  the  user-assigned  plate  and  cathode  node 
numbers . 

The  card  secuence  necessary  for  the  complete  definition  of  a 
vacuum  diode  is? 

*  VACUUM  DIODE 
NOrF  xx  yy 

-  3  parameters  - 

The  *  VACUUM  DIODE  statement  indicates  that  all  cards  between  it 
and  the  next  *  control  card  describe  a  vacuum  diode.  The  plate 
and  cathode  node  numbers  are  specified  on  the  NODE  card  by  the 
integer  values  xx  and  yy.  The  two  node  numbers  need  not  be 
sequential.  The  three  parameters  reouired  to  complete  the 
definition  of  a  vacuum  diode  are' 
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PARAMETER 

PARAMETER  NAME 

DESCRIPTION 

1 

G 

Perveance 

2 

eb 

Operating  point  plate 

voltage 

3 

c 

Plate-cathode  capacitance 

1  ) 


3.5.2  Vacuum  Triode 


The  vacuum  triode  model  uses  the  generalized  3/2  power  law. 

The  node  numbering  convention  for  the  triode  is  built  into  the 

model,  such  that  its  location  in  the  circuit  is  defined  by  giving 

the  number  of  the  grid  node,  xx.  The  remaining  nodes  are 

automatically  assigned  by  the  program  as  follows: 

xx  +  1  Plate  (  ) 

xx  +  2  Cathode 

The  card  sequence  necessary  for  the  complete  definition  of  a 
vacuum  triode  is: 

♦  VACUUM  TRIODE 
NODE  XX 

-  9  parameters  - 

The  *  VACUUM  TRIODE  statement  indicates  that  all  cards  between  it 
and  the  next  *  control  statement  describe  a  vacuum  triode.  The 
grid  node  is  defined  by  the  integer  value  xx  on  the  NODE  card. 

The  nine  parameters  required  to  complete  the  definition  of  the 
vacuum  triode  are  as  follows: 


) 
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PARAMETER  PARAMETER  NAME 


1 


G 

o 


2 


3 


max 


4 


EG 


5  eb 

6  ♦ 


7 

8 
9 


C 


pk 


DESCRIPTION 

Perveance  for  grid  voltage 

-  0 

Control  grid  u  ;  an  ampli¬ 
fication  factor  dependent 
upon  geometry 

Grid  voltage  for  perveance 

■  0 

Operating  point  grid  vol¬ 
tage 

Operating  point  plate  vol¬ 
tage 

Offset  voltage  due  to 
space-charge  effects 
Grid-cathode  capacitance 
Plate-grid  capacitance 
Plate-cathode  capacitance 
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3.5.3  Vacuum  Pentode 


The  vacuum  pentode  model  uses  the  generalized  3/2  power  law. 

The  node  numbering  convention  for  the  pentode  is  built  into  the 

model,  such  that  its  location  in  the  circuit  is  defined  by  giving 

the  number  of  the  grid  node,  xx.  The  remaining  nodes  are 

automatically  assigned  by  the  program  as  follows: 

xx  +  1  Screen 

xx  ♦  2  Plate 

xx  +  3  Cathode 

The  card  seouence  necessary  for  the  complete  definition  of  a 
vacuum  pentode  is: 

*  VACUUM  PENTODE 
NODE  XX 


-  12  parameters  - 

The  *  VACUUM  PENTODE  statement  indicates  that  all  cards  between 

it  and  the  next  *  control  statement  describe  a  vacuum  pentode. 

The  grid  node  is  defined  by  the  integer  value  xx  on  the  NODE 

card.  The  12  parameters  required  to  complete  the  definition  of 

the  vacuum  pentode  are  as  follows: 

PARAMETER  PARAMETER  NAME  DESCRIPTION 

1  G  Perveance  for  grid  voltage 

o 

«  0 


2 


3 


M  Control  grid  u  ;  an  ampli¬ 

fication  factor  dependent 
upon  geometry 

D  Division  constant;  see  note 


bo  1  ow 
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4  m 


5 

E 

Gl 

6 

E 

c 

max 

7 

4 

8 

CM 

u 

u 

9 

eb 

10 

Cgk 

11 

Cpg 

12 

Cpk 

Note:  The  division  constant,  D 


Constant<<l;  on  the  order 
of  0.2 

Operating  point  grid  voltage 
Grid  voltage  for  perveance 
-  0 

Offset  voltage  due  to  space- 
charge  effects 
Operating  point  screen  vol¬ 
tage 

Operating  point  plate  voltage 
Grid-cathode  capacitance 
Plate-grid  capacitance 
Plate-cathode  capacitance 
is  defined  as  follows: 

eb  *  e2 


where,  i. 

b 


e 


plate  current 
screen  current 
plate  voltage 
screen  voltage 
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3.5.4  Semiconductor  Diode 

The  semiconductor  diode  is  an  inter nodal  device,  whose 

location  in  the  circuit  is  defined  by  the  user-assigned  node 

numbers  xx  and  yy.  The  semiconductor  diode  may  be  either 

forward-biased  or  reverse-biased.  Therefore  it  has  two 

representations  in  the  NCAP  language.  For  either  type,  however, 

a  standard  *  control  and  NODE  card  sequence  is  used: 

♦SEMICONDUCTOR  DIODE 
NODE  xx  yy 

The  *  SEMICONDUCTOR  DIODE  statement  indicates  that  all  cards 
between  it  and  the  next  *  control  card  describe  a  semiconductor 
diode.  The  plate  and  cathode  node  numbers  are  defined  by  the 
integer  values  xx  and  yy  on  the  NODE  card.  The  two  nodes  need 
not  be  numbered  sequentially.  The  device  may  be  grounded  by 
explicitly  defining  node  "yy"  to  be  zero.  Node  "xx"  cannot  be 
zero. 

The  forward-biased  diode  is  represented  by  an  exponential 
resistive  nonlinearity  in  parallel  with  a  diffusion  capacitance. 
To  complete  the  definition  of  a  forward-biased  semiconductor 
diode,  an  FB  data  card  is  required,  followed  by  four  parameters. 
The  characters  FB  on  the  data  card  indicate  that  the  forward 
biased  option  is  to  be  used.  The  four  parameters  arc  as  follows: 


PARAMETER 

PARAMETER  NAME 

DESCRIPTION 

1 

XD 

Bias  current 

2 

n 

Non-ideality  factor 

3 

cj 

Forward-biased  junction 

capacitance,  extrapolated 
to  zero  current 

*  C'j  Derivative  of  junction  bias 

with  respect  to  current 

The  reverse-biased  diode  is  represented  by  a  varactor,  or 
nonlinear  capacitor,  in  parallel  with  a  resistor.  To  complete 
the  definition  of  a  reverse-biased  semiconductor  diode,  an  RB 
data  card  is  reauired,  followed  by  four  parameters.  The 
characters  RE  indicate  that  the  reverse-biased  option  is  to  be 
used.  The  four  parameters  are  as  follows: 


PARAMETER 

PARAMETER  NAME 

DESCRIPTION 

1 

VD 

Magnitude  of  the  bias  vol¬ 
tage 

2 

K 

Varactor  capacitance  at  1 
volt  reverse  bias 

3 

V 

See  note 

4 

R 

Reverse-bias  leakage  resis¬ 
tance 

Note^  The  parameters  V  and  MU  are  related  to  the  varactor 
capacitance,  C(V) ,  by  the  following  expression: 

C (V)  -  kvd_p 

3.5.5  Bipolar  Junction  Transistor 

The  bipolar  junction  transistor  is  modeled  as  a  nonlinear  T. 
The  node  numbering  convention  for  the  transistor  is  built  into 
the  model,  such  that  its  location  in  the  circuit  is  defined  by 
giving  the  number  of  the  external  base  terminal,  xx.  The 
remaining  nodes  are  automatically  assigned  by  the  proqram  as 
follows* 
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xx+1  Internal  Junction 

xx+2  External  Collector 

xx+3  External  Emitter 

The  card  seauence  necessary  for  the  complete  definition  of  a 
bipolar  junction  transistor  is* 

*  TRANSISTOR 
NODE  XX 
-  16  parameters  - 

The  *  TRANSISTOR  statement  indicates  that  all  cards  between  it 
and  the  next  *  control  statement  describe  a  bipolar  junction 
transistor.  The  external  base  node  is  defined  by  the  integer 
value  xx  on  the  NODE  card.  The  sixteen  parameters  required  to 
complete  the  definition  of  the  transistor  are  as  follows: 


PARAMETER 

PARAMETER  NAME 

DESCRIPTION 

1 

n 

Avalanche  exponent 

2 

VCB 

Collector-base  bias  voltage 

3 

VCBO 

Avalanche  voltage 

4 

U 

Collector  capacitance  expo¬ 

nent 

5 

I 

Collector  bias  current 

c 

6 

I 

Collector  current  at  maximum 

Stax 

C.C.  current  gain 

7 

a 

hpj,  nonlinearity  coefficient 

8 

^FE 

Maximum  n.C.  current  gain 

max 

9 

X 

Collector  capacitor  scale 

factor 

10 

n 

riode  nonideality  factor 
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11 

Cje 

Base-emitter  junction  space 

charge  capacitance 

12 

C '  2 

Derivative  of  base-emitter 

diffusion  capacitance 

13 

rb 

Base  resistance 

14 

rc 

Collector  resistance 

15 

C1 

Base-emitter  capacitance 

16 

C3 

Base-col lector  and  overlap 

capacitance 

.5.6 

Junction  Field  Effect 

Transistor 

The  junction  field  effect  trdnsistor  (JFET)  is  d  three-node 

device.  The  node  numbering  convention  for  the  JFET  is  built  into 

its  model  such  that  the  location  of  the  device  in  a  circuit  is 

defined  by  giving  the  number  of  the  gate  node,  xx.  The  remaining 

nodes  are  automatically  numbered  by  the  program  as  follows: 

xx  +  1  Drain 

xx  +  2  Internal  Node 

xx  +  3  Source 

The  JFET  nonlinearities  may  be  expressed  either  as  power 
series  coefficients  or  as  parameters  for  the  analytic  generation 
of  the  device's  nonlinearities.  Conseauently ,  the  JFET  has  two 
representations  in  the  NCAP  language.  For  either  option, 
however,  the  following  card  sequence  must  be  used: 

♦JFET 

NODE  xx 

CONSTANTS  CGD  Pg 


2-47 


The  *JFET  statement  indicates  that  all  cards  between  it  and  the 
next  ‘control  statement  describe  a  junction  field  effect 
transistor.  The  gate  node  is  defined  by  the  integer  value  xx  on 
the  NODE  card.  The  CONSTANTS  (this  may  be  abbreviated  to  CO) 
data  card  alerts  the  program  that  the  two  decimal  values  to 
follow  are  the  constants  CGD  (gate-drain  capacitance)  and  rs 
(source  resistance)  . 

If  the  power  series  coefficients  are  to  be  input  (rather 
than  analytically  generated)  they  are  defined  on  PP  and  CP  data 
cards  which  have  the  following  general  form* 


PP  P 


.  .  .D 


CP  C 


.  . .  C 


The  characters  PP  or  CP  indicate  that  the  decimal  values  which 
follow  are  P  or  C  parameters  respectively.  The  DP  or  CP  is 
followed  by  from  one  to  ten  P  or  C  decimal  coefficients  expressed 
in  free-form.  The  coefficient  values  may  all  be  placed  on  the  DP 
or  CP  card  or  they  may  be  continued  on  additional  cards,  in  which 
case  the  characters  PP  or  CP  are  omitted  from  the  continuation 
cards. 

The  P  parameters  art  experimentally  determined  power  scries 
coefficients  in  the  equation: 


i,  K 
d  i, 


B  RrVm 
m  L  g 


where  V 


drain  voltage 
drain  current 


snail  resistive  load 
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The  C  •  parameters  are  power  series  coefficients  which 


characterize  the  nonlinear  gate  to  source  capacitance,  C„,. 
These  C  coefficients  can  be  determined  by  measuring  the 
gate-source  capacitance  as  a  function  of  the  gate-source  voltage, 
and  performing  a  power  series  expansion  around  the  operating 
point . 

In  summary  the  complete  definition  of  a  junction  field 
effect  transistor,  for  which  the  nonlinear  coefficients  are 
input,  requires  the  following  NCAP  card  sequence: 

*  JFET 

NODE  XX 

CONSTANTS  C,.n  Re 

GD  o 

PP  -  one  to  ten  P  coefficients  - 

i,  > 

CP  -  one  to  ten  C  coefficients  - 
If  the  analytic  generation  of  coefficients  is  desired,  an  AC 
data  card  followed  by  eight  decimal  parameters  is  used.  The 

characters  AC  indicate  that  the  decimal  values  which  follow  arc 
the  parameters  required  for  the  analytic  generation  of 

coefficients.  The  eight  parameter  values  may  all  be  placed  on 
the  AC  card  or  they  may  be  continued  on  additional  cards,  in 
which  case  the  characters  AC  are  omitted  from  the  continuation 
cards.  The  required  parameters  are  defined  ns  follows: 

'  PARAMETER  PARAMETER  NAME  DESCRIPTION 

1  I.  Drain  current  at  maximum  D.C. 

uraax 

2  P  Saturated  drain  current 

parameter 
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3 

4 

5 

6 

7 

8 


Vp  Pinch-off  voltage 

4>  JFET  barrier  potential 

V„_  External  gate-source  voltage 

GS 

K  See  note 

m  Asymptotic  slope  of  C(V'  ) 

Gb 

on  logarithmic  plot.  Sec 
note 

Vq  Gate-source  capacitor's  built 

in  voltage 


Notej^  The  gate-source  capacitance,  CGg  ,  can  be  represented 
analytically  by  the  equation- 


C(V,GS)  -  K  (lVo  +  V'Gsl)"n 
where  the  zero-bias  value  of  the  capacitance  is  K/|Vo|”m. 

In  summary,  the  complete  definition  of  a  junction  field 
effect  transistor  (for  which  the  nonlinear  coefficients  are  to  be 
analytically  generated)  requires  the  following  NCAP  card 
sequence • 


*  JFET 
NOPE  xx 

CONSTANTS  C  Pa 

GD  b 

AC  -eight  parameters  - 
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3.6  Solution  Modification 


In  many  modeling  applications  it  is  desirable  to  rerun  a 
circuit  analysis  with  certain  element  values  changed  to  determine 
the  circuit  sensitivity  to  element  variation.  In  the  NCAP 
system,  solution  modification  is  performed  by  means  of  the  modify 
feature.  This  allows  certain  element  values  to  be  changed  and 
the  circuit  automatically  re-analyzed.  Modification  is  initiated 
by  the  following  control  statement: 

*  MODIFY 

The  *  MODIFY  statement  indicates  that  all  cards  between  it  and 
the  next  *  control  card  define  a  modification  of  the  element 
defined  in  the  previous  *  control  sequence.  Therefore,  the 
•MODIFY  card  must  Immediately  follow  the  definition  of  the 
circuit  element  it  affects.  It  in  turn  is  followed  by  R,  C,  or  L 
data  cards  for  linear  or  nonlinear  component  modification,  FR  and 
AMP  data  cards  for  frequency  modification,  and  device  parameter 
cards  for  nonlinear  element  modification. 

In  order  to  redefine  a  given  circuit  element  several  times, 
its  original  definition  may  be  followed  by  several  *  MODIFY  card 
sequences.  Multiple  modifications  are  performed  sequentially. 
For  example,  if  a  transistor  definition  is  followed  by  two 
modifies,  three  complete  circuit  analyses  will  be  performed- 
first  with  the  original  transistor,  then  with  the  transistor 
defined  by  the  first  *  MODIFY,  and  finally  with  the  transistor 
defined  by  the  second  *  MODIFY. 

If  more  than  one  circuit  element  is  followed  by  modify 


specifications,  all  such  elements  will  undergo  modification 
simultaneously  according  to  the  first  set  of  modifies,  then 
according  to  the  second  set  and  so  forth. 

Solution  modification  is  used  only  for  changing  circuit 
element  values.  Circuit  topology,  or  the  interconnection  of 
elements  between  nodes,  cannot  be  altered.  Furthermore,  in  order 
for  an  element  to  be  modified,  it  must  have  been  defined  in  the 
original  circuit.  New  elements  cannot  be  added  by  using  the 
modify  feature. 

3.6.1  Linear  Component  Modification 

•  An  *  MODIFY  card  followed  by  R,  C,  and/or  L  data  cards  will 
cause  linear  component  values  defined  in  the  previous  *  LINEAR 
COMPONENTS  sequence  to  be  modified.  The  contents  of  the  R,  C,  or 
L  data  cards  in  the  modify  sequence  must  be  identical  to  those  in 
the  original  circuit  definition,  except  that  component  values  are 
changed  to  reflect  the  desired  modif ication (s) t 

*  LINEAR  COMPONENTS 

R  1  2  2.0E3 

C  2  3  6.6E-9 

L  2  0  3.E-9 

*  MODIFY 

R  1  2  5.0E3 

The  original  circuit  definition  includes  a  2K  resistor  between 
nodes  1  and  2.  The  *  MODIFY  sequence  indicates  that  the  original 
circuit  has  been  completely . analyzed ,  the  resistor  value  is  to  be 
changed  to  5K  and  the  circuit  re-analyred. 

Any  or  all  of  the  components  defined  in  the  *  LINEAR 


2-52 


COMPONENTS'  sequence  can  be  redefined  with  a  single  modification. 
Components  which  are  to  remain  constant  need  not  be  included  in 
the  *  MODIFY  seauence.  For  example? 

*  MODIFY 

C  2  3  10.E-9 

L  2  0  7.0E-9 

would  change  both  the  capacitor  and  inductor,  while: 

*  MODIFY 

R  1  2  5.0E3 

C  2  3  10.F-9 

L  2  0  7.0E-9 

would  cause  redefinition  of  all  linear  components  defined  in  the 
previous  *  LINEAR  COMPONENTS  sequence. 

Multiple  modifies  may  follow  a  single  linear  components 
definition  ? 

*  LINEAR  COMPONENTS 

R  1  2  2.0E3 

C  2  3  6.6E-9 

L  2  0  3.0E-9 

*  MODIFY 

R  1  2  5.0E3 

*  MODIFY 

C  2  3  10.E-9 

L  2  0  7.0E-9 

This  sequence  would  produce  three  circuit  analyses,  with  the  two 

modifications  being  performed  seauentially .  Component  values  for 

each  iteration  are  tabulated  bel.ow* 

ITERATION  P ( 1 , 2)  C(2,3)  L(2,0) 

- 1 -  "OeT  67SE-9 

2  5.0E3  6.6E-9  3.0E-9 

?  5.0E3  10.E-9  7.0E-9 

If  linear  component  sweeping  and  modification  are  used 

together,  a  variety  of  results  may  be  obtained.  The  *  MODIFY 

seouence  can  be  used  to  hold  a  previously  swept  component 

constant  or  vice  versa' 
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*  LINEAR  COMPONENTS 

R  1  2  1.0E3  10. E3  10  LIN 

C  2  3  6.6E-9 

*  MODIFY 

R  1  2  50. 

C  2  3  6.0E-9  7.E-9  11  LIN 

% 

The  original  component  definition  includes  a  resistor  sweep  and  a 
constant  capacitor  value.  The  modification  causes  the  previously 
swept  resistor  to  remain  constant  while  the  capacitor  sweeps. 

Modification  can  also  be  used  to  redefine  linear  component 
sweeps,  to  change  the  value  of  the  increment,  or  to  skip  over 
particular  element  values  which  are  not  of  interest  in  the 
analysis* 

*  LINEAR  COMPONENTS 


R  1 

*  MODIFY 

2 

1.E3 

10. E3 

10 

LIN 

• 

R  1 

2 

20.  E3 

100. E3 

5 

LIN 

In  this  case,  the  resistor  first  sweeps  from  IK  to  10K  in  ten 
steps,  then  from  20K  to  100K  in  5  steps. 

Since  linear  component  sweeping  is  destructive,  any  circuit 
analyses  which  occur  after  such  a  sweep  has  been  satisfied,  will 
treat  the  value  of  the  subject  component  as  a  constant.  For 
example: 

♦LINEAR  COMPONENTS 

R  1  2  1.E3  10. E3  10  LIN 

C  2  3  6.6E-9 

*  MODIFY 

C  2  3  10.E-9 

In  the  original  definition,  the  resistor  sweeps  from  IK  to  10K, 
with  the  capacitor  value  remaining  constant  at  6.6E-9.  After  the 
tenth  analysis  has  been  completed  and  the  resistor  sweep 
satisfied,  the  modification  is  performed. 

The  result  is  a  single  re-analysis,  with  the  resistor  at  10K 
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(the  "stop”  value  of  the  sweep)  and  the  capacitor  at  the  modified 
value  of  10.E-9. 

With  the  proper  use  of  the  modification  feature,  the  analyst 
can  reinstate  a  previous  linear  component  sweep  so  as  to  override 
its  destruction.  For  example: 

*  LINEAR  COMPONENTS 


R 

1 

2 

1.E3 

10.  E3  10 

LIN 

C 

2 

3 

6.6E9 

* 

MODIFY 

R 

1 

2 

1  .E3 

10. E3  10 

LIN 

C 

2 

3 

10.E-9 

This  card  sequence 

would 

result  in 

20  analyses  in 

which  each 

capacitance 

is  analyzed 

for  each  of 

the  ten  resistive 

values. 

3.6.2  Nonl inearComponentModif icat ion 


An  *  MODIFY  card  followed  by  R,  C,  and/or  L  data  cards  will 

cause  nonlinear  component  power  series  coefficients  defined  in 

the  previous  *  NONLINEAR  COMPONENTS  sequence  to  be  modified.  The 

contents  of  the  R,  C,  and  L  data  cards  in  the  modify  sequence 

must  be  identical  to  those  in  the  original  circuit,  except  that 

the  coefficient  values  are  changed  to  reflect  the  desired 

modification (s) ■ 

*  NONLINEAR  COMPONENTS 


R 

1 

2 

1.7E3 

2.0E3 

2.4E3 

2.9E3 

C 

4 

0 

1.2E-6 

1.4E-6 

1.7E-6 

2.1E-6 

L 

6 

4 

.21 

.24 

.29 

.37 

* 

L 

MODIFY 

6 

4 

.35 

.37 

.41 

.45 

In  the  original  circuit  the  inductor  between  nodes  6  and  4  is 
defined  in  terms  of  the  fourth  order  power  series  coefficients 
.21,  .24,  .29,  and  .37.  The  *  MODIFY  sequence  indicates  that 
after  the  original  circuit  has  been  analyzed,  the  coefficient 
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values  for  the  inductor  are  to  be  changed  to  .35,  .37,  .41,  and 
.45  and  the  circuit  re-analyzed. 

As  with  linear  components,  any  of  all  of  the  components 
defined  in  the  *  NONLINEAR  COMPONENTS  sequence  can  be  redefined 
with  a  single  modification..  Components  which  are  to  remain 
constant  need  not  be  included  in  the  *  MODIFY  sequence  (see 
Section  3.6.1) . 

3.6.3  Frequency  Modification 

An  *  MODIFY  card  followed  by  FR  and  AMP  data  cards  will 
cause  frequency  and  amplitude  values  defined  in  the  previous 
•GENERATOR  sequence  to  be  modified.  Impedance  values  cannot  be 
modified. 

An  example  of  a  frequency  modification  follows* 
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*  GENERATOR 
NODE  1 

0 

FR 

1 

10. E6 

FR 

2 

-5.E6 

IMP 

50. 

0. 

*  MODIFY 
FR 

2 

20. E6 

AMP 

5. 

0. 

The  original  generator  definition  specifies  two  tones,  at  10  MHz 
and  -5  MHz,  each  using  the  default  amplitude.  In  the  modified 
generator,  frequency  number  1  remains  unchanged,  while  frequency 
number  2  changes  to  20  MHZ  with  an  amplitude  of  5  volts  in-phase 

and  zero  quadrature  component. 

» 

Any  or  all  of  the  frequencies  and  amplitudes  (whether 
explicit  or  default)  defined  in  a  given  *  GENERATOR  sequence  can 
be  chanqed  with  a  single  modify  specification.  The  modified  PR 
cards  must  be  identical  to  those  appearing  in  the  original 
generator  definition,  except  that  the  frequency  values  are 
changed  to  reflect  the  desired  modifications.  Frequencies  and 
amplitudes  which  are  to  remain  unchanged  need  not  appear  in  the 
.♦MODIFY  sequence. 

Since  FR  and  AMP  data  cards  are  used  in  pairs,  if  an 
amplitude  is  to  be  modified,  both  the  FR  and  AMP  cards  must 
appear  in  the  modify  sequence.  If  only  the  frequency  value  is  to 
be  changed,  the  associated  AMP  card  may  be  omitted.  For  example: 


*  GENERATOR 

NODE 

1 

0 

FR 

1 

10.  E6 

FR 

2 

5.E6 

AMP 

5. 

0. 

IMP 

50. 

0. 

*  MODIFY 

FR 

1 

10. E6 

AMP 

5. 

0. 

FR 

2 

20.  E6 
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In  this  case,  although  the  frequency  value  for  FR  1  does  not 
change,  in  order  to  modify  its  amplitude,  both  the  FR  1  and  AMP 
cards  must  appear  in  the  modify  sequence.  For  frequency  number 
2,  since  only  the  frequency  value  is  to  be  modified  the  AMP  card 
is  omitted  from  the  modify  sequence. 

Frequency  sweeping  and  modification  may  be  used  together. 
The  modify  can  be  used  to  sweep  a  frequency  value  which  was 
previously  held  constant  or  vice  versa* 

*  GENERATOR 

NODE  1  2 

FR  1  10. E6  50. E6  5  LIN 

FR  2  b . E6 

IMP  50.  0. 

*  MODIFY 

FR  1  100. E6 

FR  2  30. E6  60. F6  3  LIN 

In  the  original  generator  definition,  frequency  number  1  sweeps 
while  frequency  2  remains  constant.  The  modified  generator 
redefines  the  frequencies  such  that  FR  1  remains  constant  while 
FR  2  sweeps. 

With  the  appropriate  use  of  frequency  modification,  the 
analyst  may  redefine  frequency  sweeps  in  order  to  vary  the 
increment  or  to  skip  over  particular  frequency  values? 

*  GENERATOR 

NODE  1  0 

FR  1  10. E6  30. E6  3  LIN 

IMP  50.  0. 

*  MODIFY 

FR  1  35. E6  50. E6  4  LIN 

*  MODIFY 

FR  1  70. E6  100. E6  4  LIN 

The  original  generator  definition  will  result  in  analyses  at  10, 
20  and  30  MHz.  The  first  modification  changes  the  increment  of 
the  sweep  and  results  in  analyses  at  35,  40,  45,  and  50  MHz.  The 


second  modification  effectively  skips  over  all  values  between  50 
and  70  MHz  and  initiates  a  final  sweep  for  70 ,  80,  90  and  100 
MHz. 

Frequency  modification  is  always  applied  after  all  frequency 
and  linear  component  sweeps  have  been  satisfied  and  after  all 
other  modifies  have  been  completed* 


*  GENERATOR 

NODE  1  0 

FR  1  10. E6 

IMP  50.  0. 

*  MODIFY 

FR  1  50. E6 

*  LINEAR  COMPONENTS 

R  -2  3 

C  3  0 

*  MODIFY 

C  3  0  10.E-9 


20.  E6 


1.E3 

6.6E-9 


2 


3.E3 


LIN 


3  LIN 


In  this  case  the  following  sequence  of  analyses  would  result* 


ANALYSIS 

FR  1 

P{2,3) 

1 

10. E6 

1.E3 

2 

20.  E6 

1  .E3 

3 

10. E6 

2.E3 

4 

20.  E6 

2.E3 

5 

10.  E6 

3.E3 

6 

20.  E6 

3.E3 

7 

1C.E6 

3.E3 

8 

20.  E6 

3.E3 

9 

50. E6 

3.E3 

Note  that  while 

the  resistor 

sweep 

C (3 ,0) 

6.6E-9 

6.6E-9 

6.6E-9 

6.6E-9 

6.6E-9 

6.6E-9 

10.E-9 

10.E-9 

10.E-9 

is  in  effect  (iterations  1 


6),  each  new. resistor  value  causes  an  initialization  and  restart 


of  the  freauency  sweep,  so  that  each  resistor  value  is  analyzed 
at  every  possible  frequency  value.  At  iteration  7  the  resistor 
sweep  is  complete,  the  capacitor  modification  is  applied,  and  the 
frequency  sweep  restarted.  Since  the  resistor  sweep  is  not 
redefined  by  a  subsequent  modify,  the  resistor  value  remains 
constant  at  3K  following  the  completion  of  the  sweep.  At 
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iteration  9,  all  defined  frequency  and  linear  component  sweeps 
and  element  modifications  have  been  completed  and  the  frequency 
modification  takes  place. 

For  circuits  which  contain  more  than  one  qenerator,  each  of 
which  undergoes  modification,  the  frequency  modifications  will  be 
performed  simultaneously  in  sets: 


*  GENERATOR 
NODE  1 

0 

FR 

1 

10.  E6 

IMP 

50. 

0. 

*  MODIFY 

FR  1 

30.  E6 

*  MODIFY 

FR  1 

50.  E6 

*  GENERATOR 
NODE  10 

12 

FR 

2 

40.  E6 

IMP 

75. 

0. 

*  MODIFY 

FR  2 

60.  E6 

After  the  original  circuit  has  been  analyzed  for  FR  1  at  10  MHz 
and  FR  2  at  40  MHz,  the  first  set  of  modifications  will  be 
performed  resulting  in  an  analysis  with  FR  1  at  30  MHz  and  FR  2 
at  60  MHz.  At  this  point  the  modifications  for  FR  2  have  been 
exhausted  and  its  value  remains  constant  at  60  MHz.  FR  1  is 
modified  again  and  a  third  circuit  analysis  is  performed  with  FR 
1  at  50  MHz  and  FR  2  at  60  MHz. 

Since  the  analyst  is  restricted  to  a  single  generator  with 
swept  frequencies,  care  must  be  taken  in  the  use  of  frequency 
modification  for  circuits  which  contain  more  than  one  generator: 

*  GENERATOR 

NODE  1  0 

FR  1  10.  E6  40. E6  4  LIN 

IMP  50.  0. 

*  GENERATOR 

NODE  10  12 

FR  2  50. E6 


(  ) 
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0 


IMP  75.0 


*  MODIFY 

FR  2 

60.  E6 

100. E6 

5 

LIN 

This  modification  is 

illegal 

because  it 

would 

result 

generators  having  swept  frequencies  simultaneously.  In  an  actual 
NCAP  computer  run,  if  such  a  circuit  were  input,  an  error  message 
indicating  the  double  sweep  would  be  printed  and  execution  of  the 
program  would  terminate. 

On  the  other  hand,  by  the  proper  application  of  frequency 
modification,  one  generator  sweep  can  be  "turned  off"  allowing 
the  other  generator  to  assume  a  sweep  legally: 


*  GENERATOR 

NODE  1 

0 

• 

FR  1 

10.  E6 

40.  E6 

4  LIN 

IMF  50. 

0. 

*  MODIFY 

FR  1 

40. E6 

*  GENERATOR 

NODE  10 

12 

FP  2 

5C.E6 

IMP  75. 

0. 

*  MODIFY 

FR  2 

60.  E6 

100. E6 

5  LIN 

While  the  original  generator  definitions  are  in  effect,  the  first 
generator  sweeps  while  the  second  remains  constant.  The  first 
modify  turns  off  the  sweep  for  frequency  number  1  holding  it 
constant  at  40  MHz.  It  is  then  possible  to  modify  the  second 
generator  to  sweep  without  violating  the  multiple  generator  sweep 
rule.  The  resulting  values  for  each  iteration  of  frequency  are 
tabulated  below: 


ITERATION 

FR  1 

FR  2 

FR  1  +  FR 

- 1 - 

iFTeS 

50.  E6 

60. E6 

2 

20.  E6 

50.  E6 

70. E6 

3 

30.  E6 

50.  E6 

80.  E6 

4 

40.  E6 

50. E6 

90. E6 

5 

40.  E6 

60.  E6 

100. E6 

6 

40.  E6 

70. E6 
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113. E6 

7  40. E6  80. E6  120. F6 

8  40. E6  90. E6  130. E6 

9  40. E6  100. E6  140. E6 

Iterations  1  through  4  are  the  the  result  of  the  sweep  of  FR  1. 
After  this  sweep  is  satisified  the  two  frequency  modifications 
are  applied  simultaneously  at  iteration  5.  The  modifications 
force  FR  1  to  be  held  constant  at  40  MHz ,  enabling  FR  2  to  assume 
a  frequency  sweep.  Iterations  5  through  9  are  the  result  of  the 
FR  2  sweep. 

Note  that  since  there  are  two  defined  frequencies  in  the 
circuit,  the  order  of  analysis  is  2,  and  there  are  2 2  -1  »  3 

possible  frequency  combinations  for  each  sweep  iteration. 
Therefore,  this  example  would  result  in  a  total  of  27  nonlinear 
transfer  functions. 

3.6.4  Dependent  Source  Modification 

An  *  MODIFY  card  followed  by  dependent  source  parameters 
will  cause  the  parameter  values  of  the  dependent  source  defined 
in  the  previous  *  LINEAR  DEPENDENT  SOURCE  or  *  NONLINEAR 
DEPENDENT  SOURCE  card  sequence  to  be  modified. 

*  LINEAR  DEPENDENT  SOURCE 

NODE  6934 
CV  3.0  0.0 

R  1.7E3 

L  .01 

*  MODIFY 

CV  4.0  0.0 

R  3.5E3 

C  2.5E-12 

The  *  MODIFY  card  will  cause  the  scale  factor  of  the  current 
dependent  voltage  source  located  between  nodes  3  and  4  to  be 
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changed  from  (3.0,  0.0)  to  (4.0,  0.0).  In  addition,  the  value  of 
the  parallel  resistor  is  to  be  changed  from  1.7E3  to  3.5E3  and 
the  parallel  inductor  is  to  be  replaced  by  a  2.5E-12  farad 
capacitor . 

It  important  to  understand  that  the  node  definitions  or  type 
of  dependence  or  source  cannot  be  altered  by  the  modify  feature. 
For  this  reason  NOOE  data  cards  are  never  used  in  the  *  MODIFY 
card  sequence  and  the  source  type  specification  (VC,  VV,  CC,  CV) 
on  modify  parameter  cards  must  be  the  same  as  that  in  the 
original  source  definition. 

3.6.5  Device  Model  Modification 


An  *  MODIFY  card  followed  by  device  model  parameter  cards 

will  cause  the  device  in  the  previous  *  control  card  sequence  to 

be  modified.  All  of  the  device  models  included  in  the  NCAP 

system  (see  Section  3.5)  can  be  modified.  For  example: 

*  TRANSISTOR 
NODE  10 


5.0 

195. E-5 
0.0 
400. 

*  MODIFY 
4.6 
.0043 
0.0 
400. 


8.76 

.006 

1.0 

1.14E6 

8.86 

.150 

1.0 

1.0E5 


200. 

1.14 

0.0 

0.0 

140. 


.209 
75. 

2.80E-9 
1.3E-12 

.348 
.125  8.2 

0.0  2.80E-9 


0.0 


1.5E-12. 


The  *  MODIFY  sequence  will  cause  the  parameters  for  the 
transistor  at  node  10  to  be  changed  from  their  original  values  to 
those  defined  in  the  modify  sequence. 

Any  or  all  of  the  device  model  parameters  can  be  changed 
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with  a  single  modify,  but  the  entire  data  set  must  be  input  in 
the  modify  sequence  regardless  of  the  number  which  are  actually 
changed  by  the  modify. 

It  is  important  to  understand  that  modification  only  affects 
device  model  parameter  values  and  cannot  be  used  to  change  node 
definitions  or  to  otherwise  alter  the  topology  of  the  original 
circuit.  For  this  reason,  NODE  data  cards  are  never  used  in  a 
modify  card  sequence. 

Several  modifications  may  follow  the  original  definition  of 
a  device  model  in  order  to  redefine  that  device  several  times. 
Such  multiple  modifications  are  performed  sequentially. 

When  more  than  one  device  is  to  be  redefined  by 
modification,  such  modifications  are  performed  simultaneously  in 
sets.  The  devices  are  modified  simultaneously  according  to  the 
first  set  of  modifies,  then  according  to  the  second  set  and  so 
forth. 


3 . 7  Output  Control 

The  output  of  a  typical  NCAP  run,  printed  on  the  computer's 
line  printer,  contains  a  large  volume  of  information.  In  general 
the  output  consists  of  images  of  all  input  cards,  all  circuit 
devices  with  their  associated  parameters  values,  and  all  scaled 
nonlinear  transfet  functions  and  node  voltages.  The  transfer 
functions  and  node  voltages  are  printed  for  each  node  and  each 
order  for  every  possible  frequency  combination,  in  both  Cartesian 
and  log  polar  form. 
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When  the  modify  feature  is  used,  the  original  circuit  output 
is  followed  by  a  listing  of  all  modified  devices  with  their 
associated  parameters  and  all  scaled  nonlinear  transfer  functions 
and  node  voltages  for  the  modified  circuit,  one  node  to  a  line, 
for  all  frequency  combinations,  orders,  and  nodes. 

In  the  event  that  errors  are  detected  in  the  input  deck,  the 
printout  of  the  erroneous  input  card  will  be  followed  by  an  error 
message  describing  the  type  of  error  encountered.  Once  such  an 
error  has  been  found,  processing  of  the  input  deck  will  continue 
until  the  *  END  card  is  read.  At  this  point,  execution  of  the 
program  will  terminate  and  the  output  will  consist  of  only  the 
input  card  images  and  appropriate  error  messages. 

The  successful  analysis  of  a  large  circuit  can  result  in  an 
inordinately  large  amount  of  printed  output.  Therefore,  several 
output  control  statements  have  been  included  in  the  NCAP  language 
to  allow  the  user  to  specify  the  desired  output  and  to  reduce  the 
amount  of  printout  obtained. 


3.7.1 


>ressinc 


>ut  of  Circuit  Element  Data 


The  printing  of  any  or  all  linear  or  nonlinear  element  data 
may  be  suppressed  by  the  use  of  the  following  *  control 
statement: 

*  PRINT  SELECT 

followed  by  a  card  containing  either  the  word  OFF  or  ON.  The  OFF 
option  will  cause  print  suppression  of  all  circuit  elements  and 
their  associated  parameters  which  are  defined  in  successive  * 
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control  sequences,  until  an  *  PRINT  SELECT,  ON  option  is 
encountered.  The  ON  option  causes  printing  of  circuit  elements 
and  parameters  defined  in  successive  *  control  statements  to  take 
place.  Any  number  of  *  PRINT  SELECT,  ON/OFP  statements  may  be 
used,  but  their  placement  within  the  input  deck  is  of  great 
importance.  If  a  single  *  PRINT  SELECT,  OFF  is  placed  at  the 
beginning  of  the  input  deck,  all  linear  and  nonlinear  element 
data  will  be  print  suppressed.  By  default,  if  no  *  PRINT  SELECT, 
OFF  cards  are  used,  all  element  data  will  be  output. 

On  the  other  hand,  if  several  ON/OFF  options  are 
appropriately  placed  within  the  input  deck,  the  user  can  control 
exactly  which  elements  are  to  be  printed  and  which  suppressed: 

*  PRINT  SELECT 

OFF 

*  LINEAR  COMPONENTS 

•  • 

.  .  (Linear  component  data) 

•  • 

*  PRINT  SELECT 

ON 

*  TRANSISTOR 

• 

• 

In  this  case,  the  printing  of  the  components  defined  in  the 
♦LINEAR  COMPONENTS  card  sequence  will  be  suppressed  but  the 
transistor  data  will  be  printed. 

Generator  data  is  always  output.  It  cannot  be  suppressed  by 
use  of  the  *  PRINT  SELECT  feature. 
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3.7.2  Suppressing  Output  of  Nodes  and  Orders 


A  slightly  different  form  of  the  *  PRINT  SELECT  feature  can 
be  used  to  specify  which  nodes  and/or  orders  are  to  be  output 

while  the  others  are  print  suppressed. 

To  print  selected  nodes  the  *  PRINT  SELECT  statement  is 
followed  by  a  NODE  card  with  the  following  general  form* 

NODE  XX  YY  ZZ  . 

The  word  NODE  identifies  the  statement  as  a  node  selection  data 
card.  The  valpes  XX,YY,ZZ...  represent  the  integer  node  numbers 
for  which  nonlinear  transfer  functions  and  voltages  are  to  be 
printed.  Only  one  NODE  card  can  be  used,  but  it  can  contain  up 
to  ten  node  numbers.  For  example: 

*  PRINT  SELECT 

NODE  1  3  5  11  14  22 

would  result  in  the  printing  of  all  nonlinear  transfer  functions 
and  voltages  at  nodes  1,  3,  5,  11,  14,  and  22;  the  output  data 
for  all  other  nodes  in  the  circuit  will  not  be  printed. 

To  print  selected  orders,  the  *  PRINT  SELECT  statement  is 
followed  by  an  ORDER  data  card: 

ORDER  XX  YY  ZZ  .... 

The  word  ORDER  identifies  the  statement  as  an  order  selection. 
The  values  XX,  YY,  ZZ  ...  represent  the  integer  order  numbers  for 
which  nonlinear  transfer  functions  and  node  voltages  are  to  be 
printed.  Only  one  ORDER  data  card  can  be  used,  but  it  can 
contain  up  to  ten  order  numbers: 

*  PRINT  SELECT 

ORDER  1  3 
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would  result  in  the  printing  of  output  data  for  first  and  third 
orders  only. 

If  both  nodes  and  orders  are  to  be  selected  for  output,  the 
*  PRINT  SELECT  should  be  followed  by  both  a  NODE  card  and  an 
ORDER  card.  This  seauence  may  be  placed  anywhere  in  the  input 
deck. 

3.7.3  Plotted  Output  (Presently  Being  Developed) 

Line  printer  plots  of  frequency  vs.  log  polar  transfer 
function  may  be  obtained  by  use  of  the  NCAP  *  control  statement: 

*  PLOT 

The  *  PLOT  indicates  that  all  cards  between  it  and  the  next  * 
con t rod  card  define  a  plotted  output. 

The  definition  of  a  plot  includes  the  frequency  number  whose 
values  will  appear  on  the  abscissa  of  the  plot  and  the  node  and 
order  of  the  transfer  function  which  will  be  used  as  whe 
ordinate. 

The  desired  frequency  number  is  defined  by  an  FR  data  card 
of  the  following  general  form: 

FR  Number  Type 

The  characters  FR  identify  the  card  as  a  frequency  selection. 
"Number"  is  an  integer  value  corresponding  to  the  user-assigned 
number  of  a  swept  freauency  defined  in  some  generator  in  the 
circuit.  "Type"  is  an  alphabetic  datum  either  LIN  or  LOG,  which 
indicates  whether  the  plot  is  linear  or  log  scaled.  "Type"  must 
be  the  same  as  the  tyre  parameter  used  in  the  definition  of  the 


frequency  sweep  under  consideration:  linear  sweeps  result  in 

1 inear  plots  while  logarithmic  sweeps  result  in  log  plots.  The 
frequency  selected  by  the  FR  card  must  be  a  swept  frequency  since 
its  range  of  values  will  constitute  the  range  of  values  along  the 
x-axis  of  the  plot.  A  constant  frequency  would  result  in  a 
single  point  rather  than  a  curve. 

The  node  selection  is  provided  for  by  a  NODE  card: 

NODE  XX 

where  XX  is  an  integer  node  number  defined  in  the  circuit. 

The  order  selection  is  provided  for  by  an  ORDER  card* 

ORDER  YY 

where  YY  is  an  integer  value  which  defines  the  order  for  which 
nonlinear  transfer  functions  are  to  be  plotted.  For  a  circuit 
with  n  defined  frequencies,  the  order  selected  for  plotting  must 
be  either  1,  (denoting  first  order)  or  n  (denoting  the  maximum 
order  of  analysis  of  the  circuit)  . 

The  user  may  specify  headings  to  be  printed  above  and/or 
below  the  plot  for  purposes  of  identification  or  documentation. 
The  contents  of  these  labels  are  provided  on  LAPEL  data  cards. 

LABEL  -up  to  50  characters  of  text- 

where  the  word  LABEL  is  followed  by  up  to  50  characters  of  text. 
If  one  LABEL  card  is  used  the  text  will  appear  above  the  plot. 
If  two  LABEL  cards  are  used,  the  text  from  the  first  will  be 
printed  above  the  plot  and  the  second  below  the  plot.  If  only 
the  lower  label  is  desired,  the  text  of  the  first  LABEL  card 
should  be  left  blank.  If  both  LABEL  cards  are  omitted  no 
headings  will  be  printed. 
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In  summary,  the  complete  definition  of  a  plot  requires  the 
following  NCAP  card  sequence: 

*  PLOT 

FR  Number  Type 

NODE  XX 

ORDER  YY 

LABEL  -50  character^  printed  above  plot- 

LABEL  -50  characters  printed  below  plot- 

Every  *  PLOT  sequence  defines  a  plot  of  swept  freauency  vs. 
log  polar  transfer  function  at  a  given  node  for  a  given  order. 
As  the  circuit  analyses  proceed  through  the  iterations  of  the 
freauency  sweep,  each  frequency  value  (together  with  its 

associated  nonlinear  transfer  function)  at  a  particular  node  and 
order  define  one  point  on  a  curve.  The  total  number  of  points  on 
any  given  curve  is  eaual  to  the  number  of  steps  in  the  frequency 
sweep  selected  for  plotting.  For  example: 


*  GENERATOR 

NODE  1  0 

FR  1  0.1E6 

FR  2  2.0E6 

IMP  50.  0. 

*  PLOT 

FR  1  LIN 

NODE  6 

ORDER  2 


1.0E6  10  LIN 


The  curve  resulting  from  this  sequence  will  consist  of  ten  points 
where  the  x-values  are  the  frequency  values  .1  MHz ,  .2  MHz ,  ... 
1.0  MHz,  and  the  y-values  are  the  second  order  log  polar  transfer 
functions  at  node  6. 
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1st  and  n'th  orders,  then  each  plot  must  be  defined  by  separate 
•PLOT  card  seauence.  For  example,  three  plots  could  be  obtained 
by  the  following  series  of  *  PLOT  specifications: 


*  PLOT 

FR 

1 

LIN 

NODE 

6 

ORDER 

1 

LABFL 

Node 

6  -  First 

Order 

*  PLOT 

FR 

1 

LIN 

NODE 

6 

ORDER 

3 

LABEL 

Node 

6  -  Third 

Order 

*  PLOT 

FR 

1 

LIN 

NODE 

10 

ORDER 

3 

LABEL 

Node 

10  -  Third 

Order 

A  present  program  limitation  restricts  the  total  number  of  plot 
definitions  in  a  single  NCAP  input  deck  to  ten.  The  *  PLOT  card 
sequence(s)  may  be  placed  anywhere  in  the  input  deck. 

Plotted  output  occurs  after  all  circuit  analyses  have  been 
performed  and  the  standard  printed  output  is  completed.  For  each 
plot  specified  in  the  input  deck,  two  graphs  result:  one  for  the 
magnitude  of  the  transfer  function  and  one  for  the  angle.  In 
addition  to  the  two  graphs,  the  x  -  y  coordinates  of  each  point 
are  tabulated  and  printed  before  the  plot  is  output. 

When  plotted  output  is  specified  for  circuits  which  involve 
linear  component  sweeping  or  device  modification,  several  curves 
will  result  for  each  plot.  The  number  of  curves  generated  is 
dependent  upon  the  maximum  number  of  steps  in  linear  component 
sweeps  and  the  number  of  times  the  circuit  undergoes 
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ication.  In  such  instances  the  analyst  must  be  aware  of  the 
ence  in  which  the  operations  will  be  performed  in  order  to 
understand  not  only  how  many  curves  will  result ,  but  also  to 
enable  him  to  correctly  relate  a  particular  curve  on  a  plot  to 

its  exact  circuit  definition.  For  example,  consider  the 
following  NCAP  input  specifications* 

*  START  CIRCUIT 

*  GENERATOR 


NODE 

1 

0 

FR 

1 

2.0E6 

FR 

2 

0.1E6 

1.0E6  10 

LIN 

IMP 

50. 

0. 

*  LINEAR 

COMPONENTS 

c 

1 

2 

6.6E-9 

R 

2 

0 

20.2E3 

R 

5 

0 

.01 

C 

4 

0 

4.E-12 

R 

4 

0 

1.98E3 

C 

4 

6 

8.1E-9 

R 

*  MODIFY 

6 

0 

10. E3  20. E3 

2  LIN 

R 

6 

0 

10. E3  20. E3 

2  LIN 

*  TRANSISTOR 

NODE  2 

. 

4.6 

10.0 

140. 

.348 

.01 

.150 

.125 

8.2 

21.2E-12 

1.0 

340.E-12 

59.1E-9 

10.1 

*  MODIFY 

1.0E5 

0.0 

1.5E-12 

5.0 

8.76 

200. 

.209 

.0043 

.150 

.125 

e.2 

0.0 

1.0 

340.E-12 

2.8E-9 

400. 

*  PLOT 

1.0E5 

0.0 

1.5E-12 

FR 

2 

LIN 

ORDER  1 

NODE  6 

*  END  CIRCUIT 

*  END 

For  purposes  of  plotting,  although  this  NCAP  run  would  perform  a 
total  of  4(1  circuit  analyses,  it  defines  four  distinct  circuits 
and  subsequently  produces  four  curves  of  ten  points  each.  A 
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X  ,  \ 

C  \ 

\\ 

summary  of  circuit  iterations  with  pertinent  element  values 
follows : 


ITERATION 

FR  2 

R (6 ,0) 

TRANSISTOR 

- 1 - 

TTeT 

10.  E3 

Original 

2 

• 

.  2E6 

• 

10. E3 

• 

Original 

• 

• 

10 

• 

1.0F6 

• 

10 !  E3 

• 

• 

Or iginal 

(End 

Curve  no.  1) 

11 

.1E6 

20.  E3 

Or iginal 

12 

• 

.  2E6 

• 

20. E3 

• 

Original 

• 

• 

20 

• 

1.0E6 

• 

2  0  !  E  3 

• 

• 

Original 

(End 

Curve  no.  2) 

21 

.  1E6 

10. E3 

*  Modified 

22 

.  2E6 

10. E3 

Modified 

• 

• 

• 

• 

•  •  •  • 

30  1.0E6  10. E3  Modified 


(End 

Curve 

no.  3) 

31 

.  1E6 

20. E3 

Modified 

32 

• 

.  2E6 

• 

20. E3 

• 

Modified 

• 

• 

40 

• 

1.0E6 

• 

20.*E3 

• 

• 

Modified 

JEnd. 

Curve 

no.  4) 

Every  set  of  ten  iterations  constitutes  a  complete  pass  through 
the  range  of  the  frequency  sweep  and  therefore  produces  one  curve 
of  ten  points.  The  four  circuit  definitions  are  the  result  of  a 
linear  component  sweep  together  with  modifications.  The  first 
two  circuits  (hence  curves)  are  produced  by  the  two-step  resistor 
sweep  in  the  original  *  LINEAR  COMPONENTS  definition.  They  use 
the  original  transistor  definition  together  with  R(6,0)  first  at 
10K  and  then  at  20K.  The  second  two  circuits  are  defined  by  the 
modified  resistor,  which  reinstates  the  sweep,  and  a  modified 
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transistor.  The  second  pair  of  circuits  use  the  modified 
transistor  together  with  R(6,0)  first  at  10K  and  then  at  20K. 

When  several  curves  are  associated  with  a  plot 
specif ication,  as  in  the  preceeding  example,  the  curves  are  all 
printed  on  a  single  set  of  axes.  Due  to  a  present  program^ 
limitation,  a  maximum  of  five  curves  can  be  displayed  on  a  single 
set  of  axes.  If  more  than  five  curves  are  generated  by  an  NCAP 
run,  they  are  output  in  groups  of  five.  The  plotting  characters 
used  for  multiple  curves  are  *,  +,  0,  x,  and  «. 


MISSION 


Rome  Air  Development  Center 

* 

KMC  plans  and  executes  ru  torch,  development,  tut  and 
selected  acquisition  programs  In  support  of  Command,  Control 
Communications  and  Intelligence  (C5 1)  activitiu.  Technical 
and  engineering  support  within  areas  of  technical  competence 
is  provided  to  ESP  Program  Offices  IPOs}  and  other  ESP 
elements.  The  principal  technical  mission  areas  are 
communications ,  electromagnetic  guidance  and.  control ,  sur¬ 
veillance  of  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling ,  information  system  technology, 
ionospheric  propagation,  solid  state  sciencu,  microwave 


